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ESTROGEN RECEPTOR-p LIGANDS 

Technical Field 

The present invention is directed to a series of ligands. and more particularly to 
5 estrogen reccptor-p ligands which have better selectivity than estrogen for the estrogen 

receptor-p over the estrogen receptor-ct. as well as to methods for their production and use in 
the treatment of diseases related to the estrogen receptor-p. specifically. Alzheimer's disease, 
anxiety disorders, depressive disorders, osteoporosis, cardiovascular disease, rheumatoid 
arthritis, or prostate cancer. 

Estrogen-TCplacement therapy CERT") reduces the incidence of Alzheimer's disease 
and improves cognitive function in Alzheimer's disease patients (Nikolov el ai Drugs of 
Today, 34( 1 1 ), 927-933 (1998)). ERT also exhibits beneficial effects in osteoporosis and 
cardiovascular disease, and may have anxiolytic and anti-depressant therapeutic properties. 

1 5 However, ERT shows detrimental uterine and breast side effects that limit its use. 

The beneficial effects of ERT in post-menopausal human women is echoed by 
beneficial effects of estrogen in models relevant to cognitive function, anxiety, depression, 
bone loss, and cardiovascular damage in ovariectomized rats. Estrogen also produces uterine 
and breast hypertrophy in animal models reminiscent of its mitogenic effects on these tissues 

20 in humans. 

The beneficial effects of ERT in post-menopausal human women is echoed by 
beneficial effects of estrogen in models relevant to cognitive function, anxiety, depression, 
bone loss, and cardiovascular damage in ovariectomized rats. Specifically, experimental 
studies have demonstrated that estrogen effects the central nervous system ("CNS") by 

25 increasing cholinergic function, increasing neurotrophin / neurotrophin receptor expression, 
altering amyloid precursor protein processing, providing neuroprotection against a variety of 
insults, and increasing glutamaierjiic synaptic transmission, among other effects. The overall 
CNS profile of estrogen effects in prc-clinical studies is consistent with its clinical utility in 
improving cognitive function and delaying Alzheimer's disease progression. Estrogen also 

30 produces mitogenic effects in uterine and breast tissue indicative of its detrimental side effects 
on these tissues in humans. 
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The estrogen receptor ("ER") in humans, rais. and mice exists as two subtypes. ER-a 
and ER-p. which share about a 50% identity in the iigand-binding domain (Kuiper et al 
Endocrinology 139(10) 4252-4263 (1998)). The difference in the identity of the subtype* 
accounts tor the fact that some small compounds have been shown to bind preferentially to 
5 one subtype over the other (Kuiper el al). 

In rats. ER-P is strongly expressed in brain, hone and vascular epithelium, but weakly 
expressed in uterus and breast, relative to ER-a. Furthermore, ER-a knockout (ERKO-a) 
mice are sterile and exhibit little or no evidence of hormone responsiveness of reproductive 
tissues. In contrast. ER-P knockout (ERKO-p) mice are fertile, and exhibit normal 
1 0 development and function of breast and uterine tissue. These observations suggest that 
selectively targeting ER-P over ER-a could confer beneficial effects in several important 
human diseases, such as Alzheimer's disease, anxiety disorders, depressive disorders, 
osteoporosis, and cardiovascular disease without the liability of reproductive system side 
effects. Selective effects on ER-p-expressing tissues (CNS, bone, etc.) over uterus and breast 
1 5 could be achieved by agents that selectively interact with ER-p over ER-a. 

It is a purpose of this invention to identify ER-P-selective ligands that are useful in 
treating diseases in which ERT has therapeutic benefits. 

It is another purpose of this invention to identify ER-p-selective ligands that mimic the 
beneficial effects of ERT on brain, bone and cardiovascular function. 
20 It is another purpose of this invention to identify ER-p-selective ligands that increase 

cognitive function and delay Alzheimer* s disease progression. 
Summary of the Invention 

This present invention is directed to the use of compounds having the generic 
structure; 




2 



25 
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as ER-p-$elective ligands. which mimic ERT. but lack undesirable side effects of ERT. These 
compounds particularly satisfy the formula: 



5 preferably: 

more preferably: 

(K iaA /K i , A )/(K, 4f /K i(Jl :)>100, 



10 wherein K iftA is the K t value for the ligand in ER-a; K i(iA is the Ki value for the ligand in ER-0: 
Ki aE is the ^ value for estrogen in ER-a; and K, ht; is the K y value for estrogen in ER-p. 
Detailed Description of the Invention 

The instant invention involves a method for treating a disease associated with the 
estrogen rcccptor-p. comprising the step of administering a therapeutically-efifective amount 

15 of a compound that satisfies the equation (K iaA /Ki PA )/(IC ( ^/K j p E ) > J ♦ wherein K^ A is the Kj 
value for the agonist in ER-a; K< 0A is the K, value for the agonist in ER-P; K M is the K< value 
for estrogen in ER-a; and K m is the K> value for estrogen in ER-p. Preferably, the compound 
satisfies the equation (K iwA /Ki PA )/(K iaF /K iP |:) > 100. Preferred deseases associated with the 
estrogen receptor- p are selected from Alzheimer's disease, anxiety disorders, depressive 

20 disorders, osteoporosis, cardiovascular disease, rheumatoid arthritis and prostate cancer. 
More preferably, the diseases are Alzheimer's disease or depressive disorders. 

The compounds of the instant invention are ER-p-selective ligands of the structure: 



R 2 
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In this structure L' is -C(K)K «C(R*)-. -CH(R b )-, O, S. or NR\ preferably -C(=0 K 
=C(R 6 )-. -CH(R ( > or O; I. 2 is -O or -CH-: V is -C(R")-. -CH(R 6 )- or -C(-O)-; and L 4 is 
.C(OH CH : . O. S. or NR\ preferably -C(O)-, CR, or O, provided that when L' is -C(-0)% 
L ' is CH>. (X S, or NR ; ': when V is -C(^O)-, L 1 is CH 2 . 0, S, or NR': and when L* is -C(™0)-. 
5 L 1 is =C(RV or -CH(R'*K and L 4 is O or NR". Additionally, when L 1 is =C(R 6 )-, L 2 is -C- 
when L 5 is -CH(R")-. Lr is -CM^: when L' is -C(R 6 K L 2 is -C-; and when V is ^CH(R <, )«. is 
-CH-. = ~ = ' represents a single bond or double bond, depending upon the hybridization of U- 
V. The structures for L 2 show only three bonds because the fourth bond is a single bond to 
R'. 

10 R l is attached via a single bond to L\ and is phenyl, substituted phenyl. Het. or 

substituted Het. as defined below. R 1 is preferably; 



wherein: R 7 is H, CL or methyl; R K is Br, CI, F, R\ OR\ or allyl; R° is H, OH, NH 2 . Br, CI: 
and R M> is H or methyl: or R K and R i} may combine to be -OCH 2 0-, forming a secondary 5- 
1 5 membered ring structure exterior to the phenyl group; or R 1 is a substituted or unsubstituted 
heterocyclic substituent having the following structure: 



R\ R\ R\ and R 5 are each, independently, -R 1 . -OR", -SR". -NR'R'. -NCf-O)^. 
-NS(-0)R'. -NS(-0) : R\ halogen, cyano. -CF V -CCXR", -C(-0)R\ -C(0)NHR\ nitro, 
20 -S(»0)R a , or -S(=*0),R'. and is preferably R\ OR\ NR% NC(-0)R\ CF V or halogen, 
preferably, hydrogen, hydroxy] or methyl 
R ft is R a , phenyl or CF V 

R a is, independently, at each occurrence, H or (C r C 9 )alkyl. 




e 




: more preferably unsubstituted 
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ESTROGEN RECEPTOR-B LIGANDS 

Technical Field 

The present invention is direcTcd to a series of ligands. and more particularly to 
5 estrogen receptor-p ligands which have better selectivity than estrogen for the estrogen 

receptor-p over the estrogen receptor-a. as well as to methods for their production and use in 
the treatment of diseases related to the estrogen receptor-p, specifically, Alzheimer' s disease, 
anxiety disorders, depressive disorders, osteoporosis, cardiovascular disease, rheumatoid 
arthritis, or prostate cancer, 
10 Background 

Estrogen-replacement therapy CERT") reduces the incidence of Alzheimer's disease 
and improves cognitive function in Alzheimer* s disease patients (Nikolov et at Drugs of 
Today, 34( 1 1 ), 927-933 { 1 998)). ERT also exhibits beneficial effects in osteoporosis and 
cardiovascular disease, and may have anxiolytic and anti-depressant therapeutic properties. 

1 5 However, ERT shows detrimental uterine and breast side effects that limit its use. 

The beneficial effects of ERT in postmenopausal human women is echoed by 
beneficial effects of estrogen in models relevant to cognitive function, anxiety, depression, 
bone loss, and cardiovascular damage in ovariectornized rats. Estrogen also produces uterine 
and breast hypertrophy in animal models reminiscent of its mitogenic effects on these tissues 

20 in humans. 

The beneficial effects of ERT in postmenopausal human women is echoed by 
beneficial effects of estrogen in models relevant to cognitive function, anxiety, depression, 
bone loss, and cardiovascular damage in ovariectornized rats, Specifically, experimental 
studies have demonstrated that estrogen effects the central nervous system ("CNS") by 

25 increasing cholinergic function, increasing neurotrophin / neurotrophin receptor expression, 
altering amyloid precursor protein processing, providing neuroprotection against a variety of 
insults, and increasing glutamatergic synaptic transmission, among other effects. The overall 
CNS profile of estrogen effects in prc-clinical studies is consistent with its clinical utility in 
improving cognitive function and delaying Alzheimer's disease progression, Estrogen also 

30 produces mitogenic effects in uterine and breast tissue indicative of its detrimental side effects 
on these tissues in humans. 
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The estrogen receptor ("ER") in humans, rats, and mice exists as two subtypes, ER-a 
and ER-p. which share about a 50% identity in the ligand-binding domain (Kuipcr <?/ ai 
Endocrinology 139(10) 4252-4263 (1998)). The difference in the identity of the subtypes 
accounts lor the fact that some small compounds have been shown to bind preferentially to 
5 one subtype over the other (Kuiper et al ). 

In rats. ER-P is strongly expressed in brain, bone and vascular epithelium, but weakly 
expressed in uterus and breast, relative to ER-a, Furthermore. ER-a knockout (ERKO-a) 
mice are sterile and exhibit little or no evidence of hormone responsiveness of reproductive 
tissues, in contrast. ER-P knockout (ERKO-P) mice are fertile, and exhibit normal 
1 0 development and function of breast and uterine tissue. These observations suggest that 
selectively targeting ER-p over ER-a could confer beneficial effects in several important 
human diseases, such as Alzheimer's disease, anxiety disorders, depressive disorders, 
osteoporosis, and cardiovascular disease without the liability of reproductive system side 
effects. Selective effects on ER-p-exprcssing tissues (CNS, bone, etc.) over uterus and breast 
1 5 could be achieved by agents that selectively interact with ER-p over ER-a. 

It is a purpose of this invention to identify ER-P-selective ligands that are useful in 
treating diseases in which ERT has therapeutic benefits. 

!t is another purpose of this invention to identify ER-p-selective ligands that mimic the 
beneficial effects of ERT on brain, bone and cardiovascular function. 
20 It is another purpose of this invention to identify ER-p-selective ligands that increase 

cognitive function and delay Alzheimer* s disease progression. 
Summary of the invention 

This present invention is directed to the use of compounds having the generic 
structure: 



R 2 
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as ER-p-selectivc ligands. which mimic ERT, but lack undesirable side effects of ERT. These 
compounds particularly satisfy the formula: 

(K ((4A /K illA )/(K iuE /K ifit )>l, 
5 preferably: 

(K l « A /K JHA )/(K lltl! /K ipE )>30, 
more preferably: 
(K i . A /K ijt ,)/(K iuE /K i3H )>100, 

1 0 wherein K, uA is the K, value for the ligand in ER-a; K i(jA is the Ki value for the ligand in ER-p: 
K, ttE is the K, value for estrogen in ER-a; and K, PI : is the Kj value for estrogen in ER-0, 
Detailed Description of the Invention 

The instant invention involves a method for treating a disease associated with the 
estrogen rcceptor-p, comprising the step of administering a therapeuticaliy-effective amount 

15 of a compound that satisfies the equation (K^/Ki^ J/CK^/K^) > 1 , wherein K mA is the Kj 
value for the agonist in ER-a; is the value for the agonist in ER-p; K^g is the Kj value 
for estrogen in ER-a; and K ipc is the Kj value for estrogen in ER-p. Preferably, the compound 
satisfies the equation (K iaA /Ki ( i A )/(K loE /K iIU ;) > 100. Preferred deseases associated with the 
estrogen receptor-p are selected from Alzheimer's disease, anxiety disorders, depressive 

20 disorders, osteoporosis, cardiovascular disease, rheumatoid arthritis and prostate cancer. 
More preferably, the diseases are Alzheimer's disease or depressive disorders. 

The compounds of the instant invention are ER^p-selective ligands of the structure: 

R 2 
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In this structure L 1 is -C(-OK -C(R')-, -CH(R 0 )., O. S. or NR*. preferably -C(=0)-. 
=C(R")-. -CH(R")- or O; L 2 is -C- or -CH-; L* is =C(RV -CH(R*)- or -C(=0)-; and V is 
-C(O)-. CH,. O. S. or NR\ preferably -C(=0)-. CH, or O, provided that when L 1 is -C(=OK 
V is CH ; . O, S. or NR": when L 4 is -C(=0)-, L' is CH,, O, S, or NR"; and when L' is -C(-0K 
5 I 1 is =C(R 6 )- or -CH(R*K and L 4 is O or NR". Additionally, when L 1 is =C(R")-, L" is =C-; 
when L 1 is -CH(R")-. L 2 is -CH-: when V is =C(R*K L : is -C-: and when L' is -CH(R 6 )-. L J is 
-CH-. == ~ s represents a single bond or double bond, depending upon the hybridization of L'- 
L\ The structures for V show only three bonds because the fourth bond is a single bond to 
R'. 

10 R 1 is attached via a single bond to L'\ and is phenyl, substituted phenyl. Het. or 

substituted Het. as defined below. R 1 is preferably: 



wherein: R' is H. CI, or methyl; R* is Br. CI, F, R", OR 0 , or allyl; R" is H. OH, NH 2 . Br, CI; 
and R 1 " is H or methyl; or R* and R* may combine to be -0CH ? O-, forming a secondary 5- 
1 5 membered ring structure exterior to the phenyl group; or R 1 is a substituted or unsubstituted 
heterocyclic substituent having the following structure: 



R\ R\ R 4 . and R 5 are each, independently, -R°. -OR", -SR°. -NR'R". -NC(-0)R". 
-NS(=0)R". -NS(=0) 5 R a . halogen, cyano. -CF,. -CO,R", -C(=0)R\ -C(=0)NHR", nitro, 
20 -S(-0}R\ or -S(-0),R'. and is preferably R". OR a . NRV NC(-0)R\ CF V or halogen, 
preferably, hydrogen, hydroxy 1 or methyl. 
R" is R a , phenyl or CF,. 

R" is. independently, at each occurrence, H or (C,-C,)alkyl. 




B 




: more preferably unsubstituted 
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When L 1 is -C(=0)-. and R 2 is hydroxy or hydrogen, and R ? is hydrogen, and R 4 is 
hydroxy, and R 5 is hydrogen, and R 6 is hydrogen, then R* is not para^phenol. 

For purposes of this invention, "substituted" when used to modify a phenyl or a 
heteroatomic ring means such a ring substituted at one or more positions, independently, with 
5 -R". -OR*. -SR\ -NR a R'\ -NC(-0)R*. -NS(=0)R u . -NS<-0),R\ halogen, cyano, -CF,. -CO.R*. 
-C<-0)R\ -C(==0)NHR ;1 . nitro. -$(=0)R\ or -S<=0) 3 R p , 

Also, for purposes of this invention, u Het" means a substituted or unsubstituted one- 
or two-ring heterocycle selected from the following: 




1 0 wherein the crossed bond represents that the heterocycle may be attached at any available 
position on the ring that it crosses. 
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Eatrogen Receptor Binding Measurements 

The ability of a compound to bind to ER was measured by its ability to compete for 
binding with the radio-labeled estrogen. [ ,25 l]-16oc-iodo-3,17p-e5tradio| (NEN. Cat.#NEX- 
144). The radio-ligand is hereafter referred to as [ ,35 I]-estradiol. 

5 ER-p (Gen Bank Accession #X9910l.) or ER-a (Gen Bank Accession #M 12674) 

cDNAs were cloned into the expression vector pSG5 (Stratagene). transformed into a. coli 
sirain DHcxF. and purified using anion-exchangc resin columns (Qiagen Cat.#12125). 
Receptor protein was prepared by in vitro transcription and translation of these plasmids using 
the TNT T7 Quick-Coupled reticulocyte iysate system (Promega Cat.#Ll 170). Reticulocyte 

10 Iysate (12.5 mL) was incubated for 90 min at 30 °C with 3 12.5 ng cf ER-a and 625 jig of ER- 
P plasmids. Programmed Iysate was then aliquotted and stored frozen at -80 U C. 

Compounds were tested in duplicate at half-log concentrations ranging from 10 pM to 
3 fiM Compounds were prepared as 1 mM stocks in DMSO, then diluted in the binding- 
assay buffer (in mM: 20 HEPES, 150 NaCI, i EDTA, 6 monothioglycerol and 10 Na 3 Mo0 4 ; 

1 5 1 0% wt/vol glycerol, and pH = 7.9) to a series of three-fold concentrated, 20 aliquots in a 
96-well plate. Receptor aliquots were thawed on ice. and appropriately diluted (see below) in 
binding assay buffer. Diluted receptor (30 ^L/each) was added to each well, [^-estradiol 
was diluted from the manufacturer's ethanol stock solution to a 900 pM working solution in 
binding*assay buffer. The final assay volume was 60 ^L, consisting of 20 nL of a compound 

20 according to the instant invention, 30 ^iL of programmed reticulocyte Iysate, and 10 \xh of 900 
pM ['"Ij-estradiol. The final concentration of [* 2 *I]-estradiol was 150 pM. Plates containing 
the final assay mixture were mixed on a shaker for 2 min and incubated overnight (-16 h) at 4 
°C. 

Receptor-bound and unbound radioligand was separated by filtration over sephadex 
25 columns. Columns (45 \jlL bed volume) were prepared by adding dry column media 
(Pharmacia Cat#G-25) to 96- well column templates (Millipore MultiScreen Plates 
Cat#MAHVN45lO). Columns were then saturated with 300 (aL of binding-assay buffer and 
stored at 4 °C. Prior to use, stored columns were spun for 1 0 minutes at 2000 RPM. then 
washed twice with 200 p.L of fresh binding buffer. The binding-assay mixtures (50 ^L/each) 
30 were then applied to the columns, and an additional elution volume of 35 \lL was immediately 
applied to the column. Receptor-bound radioligand was then eluted from the column by 
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centrifugation fur 10 minutes at 2000 RPM A scintillation cocktail (145 jiL) was added to 
the eluted radioligand/reccptor complex, and radio-label was measured by liquid scintillation 
counting. 

Non-specific binding was defined by competition with 150 nM diethylstilbesterol 
5 (DES). Binding affinities are expressed as K h calculated using the Cheng-Prushoff formula 
according to IC 5P values generated by fitting the relationship of concentration to percent 
specific binding (SB) with the following equation: 

% SB = Maximum - (Maximum - Minimum)/(l + l00u»iC30-iogfCompound])) 
in this assay, standard estrogen receptor ligands estradiol and DES were detected as high- 
1 0 affinity (Kj< 1 nM), non-selective ligands of ER-p and ER-a. 

The volume of receptor-programmed reticulocyte lysate to be added to the binding 
assay was determined independently from two measurements made on each batch of receptor 
prepared. First, Kjs were determined for standard compounds using a series of dilutions of the 
receptor preparation. Scatchard analysis of ligand binding affinity was performed at the 
1 5 receptor dilutions that produced reported K^s for these compounds and an acceptable 

signal;noise ratio (-10). These experiments indicated a for [ ,2S I]-estradiol of 0.1-1 nM, 
and a B m;u of 5-30 pmol 
MminiatEatigp and Vk 

Compounds of the present invention are shown to have high selectivity for ER-p over 
20 ER-a. and may possess agonist activity on ER-p without undesired uterine effects. Thus, 
these compounds, and compositions containing them, may be used as therapeutic agents in the 
treatment of various CNS diseases related to ER-p, such as. for example, Alzheimer's disease, 

The present invention also provides compositions comprising an effective amount of 
compounds of the present invention, including the nontoxic addition salts, amides and esters 
25 thereof, which may, serve to provide the above-recited therapeutic benefits. Such 

compositions may also be provided together with physiologically-tolerable liquid, gel or solid 
diluents- adjuvants and excipients. The compounds of the present invention may also be 
combined with other compounds known to be used as therapeutic agents for the above or 
other indications. 

30 These compounds and compositions may be administered by qualified health care 

professionals to humans in a manner similar to other therapeutic agents and. additionally, to 
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other mammals for veterinary use, such as with domestic animals. Typically, such 
compositions are prepared as injectables, cither as liquid solutions or suspensions: solid forms 
suitable for solution in. or suspension in, liquid prior to injection may also be prepared. The 
preparation may also be emulsified. The active ingredient is often mixed with diluents or 
5 excipients which are physiologically tolerable and compatible with the active ingredient. 
Suitable diluents and excipients are. for example, water, saline, dextrose, glycerol, or the like, 
and combinations thereof. In addition, if desired the compositions may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents, stabilizing or pH-bufFcring 
agents, and the like. 

1 0 The compositions arc conventionally administered pareoterally, by injection, for 

example, either subcutaneous] y or intravenously. Additional formulations which are suitable 
for other modes of administration include suppositories, intranasal aerosols, and. in some 
cases, oral formulations. For suppositories, traditional binders and excipients may include, for 
example, polyalkylene glycols or triglycerides; such suppositories may be formed from 

1 5 mixtures containing the active ingredient. Oral formulations include such normally employed 
excipients as, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, cellulose, magnesium carbonate, and the like. These compositions 
take the form of solutions, suspensions, tablets, pills, capsules, sustained-release formulations, 
or powders. 

20 The present compounds may be formulated into the compositions as neutral or salt 

forms. Pharmaceutically-acceptable nontoxic salts include the acid addition salts (formed with 
the free amino groups) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or organic acids such as acetic, oxalic, tartaric, mandelic, 
and the like. Salts formed with the free carboxyl groups may be derived from inorganic bases 

25 such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylaminc, trimethylamine. 2-ethylamino ethanol, histidine, procaine, 
and the like. 

In addition to the compounds of the present invention that display ER-p activity, 
compounds of the present invention can also be employed as intermediates in the synthesis of 
30 such useful compounds. 
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Compounds within the scope of the present invention may be synthesized chemically 
by means well known in the art. The following Examples are meant to show general synthetic 
schemes, which may be used to produce many different variations by employing various 
5 commercially-available starting materials. These Examples are meant only as guides on how 
to make some compounds within the scope of the invention, and should not be interpreted as 
limiting the scope of the invention. 
Exam ples 

Example 1 (Route A) 
10 *(3-Bromo-4-hydroxyphenyl)-5,7-dihydroxy-4H-l*benzopyran-4-one 

1,3,5-Trihydroxyben^aldehyde (KOI g. 6.25 mmol) and 3-bromo-4- 
hydroxyphenylacetic acid (1 .44 g, 6.25 mmol) were suspended in POCl 3 (4 mL). After 1 min, 
an exothermic reaction occured. The mixture was allowed to cool to room temperature. Zinc 
chloride (1 M ether solution, 4.7 mmol) was added and the mixture was heated at 75 °C for I 

15 h» After cooling, the mixture was partitioned in ethyl acetate and 1M aqueous HCL The 
organic layer was washed with brine and dried with MgS0 4 , Purification on silica gel 
(MeOH/dichloromethane, gradient) afforded l-(2,4,6-trihydroxyphenyl)-2-(3-bromo-4- 
hydroxyphenyl)ethanone (390 mg) as a tan solid. 

To l-(2,4,6-trihydroxyphenyl)-2-(3-bromo-4-hydroxyphenyl)ethanone (370 mg) in 

20 DMF (5 mL) under nitrogen was added BF r Et 2 0 (0.83 mL, 6.55 mmol) dropwise, followed 
by mcihanesulfonyl chloride (0.507 mL, 6.55 mmol). The mixture was stirred at room 
temperature for 10 min and heated at 55 °C for 30 min. After cooling, the mixture was 
partitioned in ethyl acetate / 1M aqueous HC1. The organic layer was washed with 1M HC1 
and brine, and purified by C, g HPLC to give the title compound (55 mg). 

25 Example 2 (QummuumI Kfli 2Si Basis B) 

3-(4-hydroxyphenyI)^7-hydroxy-4-ittethykoumarin 

A solution of 2.4-dihydroxyacetophenone (1.1 g, 7.24 mmol), 4-hydroxyphenylacctic 
acid (1.45 g, 9.5 mmol) and potassium acetate (0,9 g, 9.2 mmol) in acetic anhydride (10 mL) 
was heated under reflux for 18 h. After cooling, the mixture was poured into ice and water. 
30 The solid was filtered, washed with ether and dried under vacuum to give 3-(4- 
acetoxyphenyl)-7-acctoxy-4-methylcoumarin (1.83 g). 
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A suspension of 3-(4-acetoxyphenyl)-7-acetoxy^methylcoumarin (500 mg) in THF 
( 10 mL) and IN aqueous sodium hydroxide (10 mL) was stirred for I h. The mixture is 
acidified to pH = I with concentrated HCl and extracted with EtOAc / water. The organic 
layer was washed with brine and dried over MgS0 4 . Evaporation of the solvent and trituration 
5 of the residue with ether gave the title compound ( 1 40 mg). 

The HPLC conditions (HPLC 4.6 x 250 mm d 5 urn Vydax 2I8TP54 column, flow 
rate: l .5 mL/min. acetonitrile/ water 0.1% TFA linear gradient from 10:90 to 50:50 over 30 
min. UV detection: 254 nm) are referred as conditions A. 

The HPLC conditions (HPLC 2,1 x 30 mm C,„ 3.5 \xm Zorbax Rapid Resolution 
1 0 column, flow rate: 0,7 mL/min. water - 0.05% TFA for 0.5 min, then 90% aqueous 

acetonitrile/water 0.05% TFA linear gradient from 0:100 to 80:20 over 9.5 min, UV detection) 
are referred as conditions B. 

The following compounds were prepared according to these routes, using the relevant 
starting materials. 



R 2 




Table 1. 



No. 


U 


ll 


M 


V 


B! 


1 


C(-O) 


-c- 


=CR 6 - 


0 


3,4-dibydroxyphenyl 


2 


CH» 


=c- 


»CR h - 


0 


2-Cl-4-hydroxyphenyl 


3 


C(=0) 


=c- 


-CR"- 


0 


2-Me*4-hydroxyphenyl 


4 


CK» 


=c- 


-cr- 


o 


3-F-4-hydroxyphenyl 


5 


C(-O) 


-c- 


=CR"- 


0 


3-CI-4-hydroxyphcnyl 


6 


C(-O) 


=c- 


=CR 6 ' 


0 


3-Br-4-hydroxyphenyl 


7 


C(-O) 


-c- 


— CR"- 


o 


3-allyl-4-hydroxyphenyi 


8 


C(»0) 


=c- 


=CR"- 


0 


3-Pr-4-hydroxyphenyl 
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Li 


0 




V 


El 


9 


C(-O) 


=c- 


-CR"- 


0 


3-niethoxy*4- 
hydroxyphenyl 


10 


C(=0) 


=c- 


=CR"- 


0 


3.5-diMe-4-hydroxyphenyl 


11 


C(=0) 


-c- 


=CR<- 


0 


4-fluorophenyl 


12 


C(-O) 


=c- 


=CR"- 


0 


3.4-(OCH 2 0)phenyl 


13 


C(=0) 


=c- 


-CR B - 


0 


4-aminophenyl 


14 


C(-O) 


-c- 


=CR 6 - 


0 


2-naphthyl 


15 


C(-0) 


=c- 


=CR<- 


0 


3-hydroxyphenyl 


16 


C(=0) 


=c- 


=CR 6 - 


0 


2-hydroxyphenyl 


17 


C(-O) 


=c- 


=CR ft - 


0 


2-thiophcne 


18 


C(=0) 


-c- 


-CR 6 - 


0 


3-thiophene 


19 


C(*0) 


=c- 


-CR 6 - 


0 


2-quinolinyl 


20 


C(=0) 


=c- 


=CR*- 


0 


4-bromophenyl 


21 


C(-O) 


-c- 


=CR'- 


0 


4-chlorophenyl 


22 


C(-O) 


=c- 


=CR & - 


0 


4-hydroxyphenyl 


23 


C(=0) 


=c- 


-CR"- 


0 


4-hydroxyphenyl j 


24 


C(-O) 


-c- 


-CR*- 


0 


3-F-4-hydroxyphenyl 


25 


C(=0) 


=o 


=CR"- 


0 


4-hydroxyphenyl 


26 


C(=0) 


-CH- 


-CHR"- 


0 


4-hydroxyphenyl 


27 


C(-O) 


-CH- 


-CHR 6 - 


CH, 


4-hydroxyphenyl 


28 


=CR 6 - 


=c- 


C<«0) 


0 


4-hydroxyphenyl 


29 


=CR*- 


=c 


C(=0) 


0 


4-hydroxyphenyl 


30 


=cr*- 


«C- 


C(=0) 


0 


4-hydroxyphenyl 


31 


-CR C - 


=c- 


C(=0) 


0 


2-thiophene 


32 


C(=0) 


=C- 


=CR°- 


o 


4-hydroxyphenyl 


33 


C(O) 


=c- 


=CR"- 


0 


2-F-phenyl 


34 


C(-O) 




=CR*~ 


0 


phenyl 


35 


C(*0) 


=C- 


=CR"- ' 


0 


phenyl 


36 


o 


-c- 


=CR"- 


C(=0) 


4-hydroxyphenyl 
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No, 


u 




u. 




"si 


37 


CH, 


-CH- 


•CHR°- 


C(=0) 


4-hydroxyphenyl 


38 




=C- 


C(=0) 


0 


4-hydroxyphenyl 


39 


=CR°- 




C(=0) 


0 


4-hydroxyphenyl 


40 


=CR°- 


=C- 


C(«0) 


0 


4-hydroxyphenyl 




— l_K - 


-C- 


C(-0) 


0 


4-hydroxyphenyl 


42 


«CR"- 


=c- 


C(O) 


0 


4-Cl-phenyl 


43 


-CR*- 


=c- 


C(=0) 


0 


4-hydroxyphenyl 


44 


C(=0) 


-C- 


»CR°- 


0 


4-isopropoxyphenyl 


45 


C(-O) 


>CH- 


-CHR 6 - 


CH, 


3-Br-phenyl 


46 


CH, 


-CH- 


-CHR"- 


0 


4-hydroxyphenyJ 



(Continuation of Table 1) 



No. 


e! 


Bi 




b! 




] 


OH 


H 


OH 


H 


H 


2 


OH 


H 


OH 


H 


H 


3 


OH 


H 


OH 


H 


H 


4 


OH 


H 


OH 


H 


H 


5 


OH 


H 


OH 


H 


H 


6 


OH 


H 


OH 


H 


H 


7 


OH 


H 


OH 


H 


H 


8 


OH 


H 


OH 


H j 


H 


9 


OH 


H 


OH 


H 


H 


10 


OH 


H 


OH 


H 


H 


11 


OH 


H 


OH 


H 


H 


12 


OH 


H 


OH 


H 


H 


13 


OH 


H 


OH 


H 


H 


14 


OH 


H 


OH 


H 


H 


15 


OH 


H 


OH 


H 


H 


16 


OH 
... 


H 


OH 


H 


H 
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No. 


I! — 


El 


si 


eT ' 




17 


OH 


H 


OH 


H 


H 


18 


OH 


H 


OH 


H 


H 


19 


OH 


H 


OH 


H 


H 


20 


OH 


H 


OH 


H 


H 


21 


OH 


H 


OH 


H 


H 


22 


OH 


H 


OMe 


H 


H 


23 


Me 


H 


OH 


H 


H 


24 


H 


H 


OH 


H 


H 


25 


H 


H 


OH 


H 


CF, 


26 


OH 


H 


OH 


H 


H 


27 


OH 


H 


OH 


H 


H 


28 


H 


H 


OH 


H 


Me 


29 


H 


H 


OH 


H 


Et 


30 


H 


H 


H 


H 


H 


31 


H 


H 


OH 


H 


H 


32 


OH 


H 


OH 


OMe 


H 


33 


OH 


H 


OH 


H 


H 


34 


OH 


H 


OH 


H 


Ph 


35 


H 


H 


OH 


H 


Ph 


36 


H 


H 


OH 


H 


H 


37 


H 


H 


OH 


H 


H 


38 


H 


H 


OH 


H 


H 


39 


OH 


H 


OH 


H 


H 


40 


H 


H 


H 


OH 


H 


41 


H 


OH 


H 


H 


H 


42 


H 


H 


OH 


H 


Me 


43 


H 


H 


OH 


Me 


Me 


44 


H 


H 


OH 


H 


CF, 


45 


H 


H 


OH 


H 


H 
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No. 






B! 


R. 




46 


H 


H 


OH 


H 


H 



Table 2. P urification. Properties, and Synthetic Rogfa 





HPLC min 


MS (MIT) 


ER-p 
K t nM 


ER-g 

Ki nM 


Svnthetic 


(method) 




Route 


1 






2.15 


605 


* 


2 


5.76(B) 


305 ("CI) 


0.55 


56 


A 


3 


5.41 (B) 


285 


1.2 


61 


A 


4 


5.62 (B) 


289 


0.5 


74 


A 


5 


6.11 (B) 


305 ( 55 C1) 


1.2 


1100 


A 


6 


25.6 (A) 


349 ( 7,> Br) 


1.25 


439 


A 


7 


6.72 (B) 


311 


3.2 


>3000 


A 


8 


7.08 (B) 


313 


0.75 


>3000 


A 


9 






143 


>3000 


* 


10 


25.4 (A) 


299 


25 


>3000 


A 


11 


6.93 (B) 


273 


100 


>3000 


A 


12 






22 


>3000 


• 


13 






6 


>3000 


• 


14 


7.86 (B) 


305 


150 


>300b 


A 


15 


5.39(B) 


271 


15 


900 


A 


16 


5.68 (B) 


271 


110 


>3000 


A 


17 


'H NMR (DMSO-d 4 ): 12.59 (s. 1H), 10.99 (s. 
1H), 8.88 (s, 1H)> 7.63 (m,2H), 7.14(m, lH) f 
6.44 (s. lH).6.27(s, 1H). 


3.3 


>3000 


A 


18 


'H NMR (DMSO-d A ): 12.92 (s, 1H), 10.93 (s. 
1H). 8 72 (s, 1H), 8.07 (s. 1H), 7.64 (m. 1H). 
7.53 (m, 1H), 6.42 (s. 1H), 6.24 (s, 1H). 


17 


>3000 


A 


19 


5.26 (B) 


306 


122 


>3000 


A 


20 


7.70 (B) 


333 f v Br) 


25 


>3000 


A 
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No. 


HPLC rain 


MS (MH + ) 


ER>6 
K ; nM 


ER-ot 
KjnM 


Synthetic 


(method) 




Route 


21 


7,55 (B) 


289 ( 3 CI) 


42 


>3000 


A 


22 






50 


>3O00 


* 


23 


5.20 (B) 


269 


0.5 


200 


A 


24 


4.91 (B) 


273 


3.3 


>3000 


A 


25 


6.07 (B) 


323 


10 


321 


Note a) 


26 






3.7 


1000 




27 


5.43 (B) 


271 


5.7 


3000 


Note b) 


28 


'H NMR (DMSO-dJ: 10.47 (m, 1H). 9.55 (m. 
1H). 7.67 (d. 1H), 7.1-6.7 (m. 6H). 2.22 (m, 
3H); MS: 269 


12 


322 


B 


29 


5.57(B) 


283 


4 


80 


B 


30 


6.01 (B) 


239 


140 


>3000 


B 


31 


'H NMR (DMSO-d 6 ): 10.68 (s, 1H), 8.44 (s, 
1H), 7.75 (m, tH), 7.60 (m. 2H), 7.16 (m, 1H), 
6.87 (dd, IH), 6.81 (m, 1H); MS: 245 


108 


>3000 


B 


32 




33 


>3000 


* 


33 


'H NMR (DMSO d-6): 12.66 (s, 1H). 10.98 (s, 
1H), 8.42 (s. 1H), 7.48 (m, 2H). 7.27 (m. 2H), 
6.44 (d. 1H, J= 2.1 Hz), 6.26 (d, 1H, J= 2.1 Hz); 
MS: 273 


50 


>3000 


A 


34 




9.5 


95 




35 




19 


50 




36 




0.33 


88 


• 


37 


'H NMR (DMSO d-6): 9.61 (s, 1H), 9.52 (s. 
1H). 7.26 (d. 1H, J= 2.7 Hz), 7.21-7.13 (m. 3H), 
6.99 (dd. 1H, > 8.1 Hz, J'= 2.7 Hz), 6.71 (d, 
2H, J- 8.4 Hz), 3.26 (m, 1H), 3.07-2.80 (m, 
3H). 2.64 (m. 1H); MS: 253 (M-H) 


0.73 


75 


Note c) 
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HPLC min 


MS(MflQ 


ER-B 
KjlM 


ER-a 


Synthetic 






Kj dM 


Route 


38 


'H NMR (DMSO d-6): 10.52 (s. IH), 9.64 (s, 
1H). 8.03 (s. 1H). 7.55 (m. 3H). 6.85-6.70 (m. 
4H); MS: 255 


4.9 


220 


B 


39 


'H NMR (DMSO d-6): 10.63 (s. 1H), 10.33 (s, 
1H). 9.60 (s, 1 H), 7.95 (s. 1H), 7.50 (d, 2H. J= 
8.4 Hz), 6.80 (d. 2H. J- 8.4 Hz), 6.28 (s. 1H), 
6.22 (s. 1H): MS: 271 


79 


>3000 


B 


40 


r H NMR (DMSO d-6): 1 0. 1 8 (s, 1 H). 9.73 (s. 
1H). 8.08 (s. 1H). 7.60 (d, 2H. J= 8.4 Hz), 7.17 
(m. 2H). 7.06 (m, 1H), 6.85 (d, 2H, J= 8.4 Hz); 
MS: 255 


104 


>3000 


B 


41 


•H NMR (DMSO d-6): 9.72 (s, 2H), 8.05 (s, 
1H). 7.58 (d, 2H, J- 8.4 Hz), 7.25 (d, 1H, J- 8.7 
Hz), 7 07 (d, 1H, J- 2.7 Hz), 7.00 (dd, 1H, J= 
8.4 Hz, J'« 2.7 Hz). 6.84 (d. 2H, J= 8.4 Hz); 
MS: 255 


4.6 


3000 


B 


42 


'H NMR (DMSO d-6): 10.56 (s, 1H), 7.50 (d, 
2H, J- 7.8 Hz). 7.42 (d. 1H, J= 8.7 Hz), 7.33 (d, 
2H, J= 7.8 Hz). 6.84 (dd, 1H, J= 7.8 Hz, J'= 2.1 
Hz). 6.75 (d, 1H, J- 2.1 Hz), 2.21 (s, 3H); MS: 
287( ,5 C1) 


51 


>3000 


B 


43 


'H NMR (DMSO d-6): 10.36 (s. 1H), 9.55 (s, 
1H). 7.49 (d, 1H, J= 9 Hz), 7.08 (d. 2H, J= 8.7 
Hz). 6.87 (d, 1H, > 9 Hz), 6.81 (d, 2H. J- 8.7 
Hz). 2.21 (s. 3H). 2.19 (s, 311); MS: 283 


24 


500 


B 


44 


'H NMR (DMSO d-6): 11,11 (s, 1H),7.93 (d, 
JH. J= 8.7 Hz). 7.16 (d. 2H, J- 8.4 Hz). 7.03- 
6.93 (m, 4H). 4.66 (m. 1H), 1 .30 (d, 6H. J= 
6Hz); MS: 365 


118 


3000 


Note a) 
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45 


'H NMR (DMSO d-6): 10.39 (s. 1H). 7.78 (d. 
1H, J=* 8.4 Hz). 7.42 (m. 2H). 7.28 (t. 1H. J= 7.8 
Hz), 7.19 (d, 1H, J- 7.8 Hz), 6.75 (dd. 1H, J= 
8.4 Hz, J'= 2.4 Hz), 6.69 (d, 1H, J- 2.4 Hz), 
3.86 (m, 1H). 3.00 (m, 1H), 2.85 (m. 1H), 2.4- 
2.1 (m,2H);MS: 3l7( w Br) 


116 


3000 


Noteb) 


46 




2 


155 


* 



* compound is commercially available. 

Note a): Prepared according to method A; the cyclization step was done using trifluoroacetic 
anhydride according to J, Med. Chem, 1992, 22, 3519 

Note b): Prepared by cyclization of the corresponding 2,4-diarylbutyric acid with P0C1 3 » and 
subsequent demethylation of the methoxy ethers according to the method developed in J. Org. 
Chem, 1 946, IL 34. 

Note c): Prepared according to Aust. J. Chem. 1978, 31, 101 1. 
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CLAIMS; 



1 . A method for treating a disease associated with the estrogen receptor-|S. comprising 
the step of administering a therapeutically-effective amount of a compound that satisfies the 
5 equation: 

(K iaA /Ki u/s )/(K jaE /K ib E)>K ■ 



wherein 

1 0 K iuA is the Kj value for the agonist in ER-a; 

K^ A is the Kj value for the agonist in ER-p; 
K iaC is the K ; value for estrogen in ER-a; and 
K m ir is the Kj value for estrogen in ER-p. 

2. The method according to Claim 1 . wherein the compound satisfies the equation: 
15 (K 1&A /Ki nA )/(K idE /K iaE )>100. 

3. The method according to Claim 2, wherein the disease to be treated is selected from 
the group consisting of Alzheimer* s disease, anxiety disorders, depressive disorders, 
osteoporosis, cardiovascular disease, rheumatoid arthritis and prostate cancer. 

4. The method according to Claim 3, wherein the compound has the formula: 



20 



R 2 










ii 






R 5 





R 1 



wherein: 

L' is -C(-O)-. =C(R*K -CH(R*K O, S. or NR": 
25 L : is -C- or -CH-; 
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L' is =C(R 6 )-. -CH(R 6 )- or -C(=0)-: 
L 4 is -C(=OH CH Jf O, S. or NR.'; 
wherein: 

when L 1 is -C(=0)-, V is CH : , 0, S, or NR"; 
5 when V is -C(=0)-, L' is CH„ O, S, or NR»; 



R a is, independently, at each occurrence, H or (C,-C,)alkyl; 
R' is phenyl, substituted phenyl or Het; 

R J , R\ R 4 and R 5 are independently selected from the group consisting of -R", -OR", 
-SR\ -NR"R\ -NC(-0)R\ -NS(«0)R\ -NS(=0) 2 R\ halogen, cyano. -CF Jt -COjR 1 , *C(-0)R\ 
1 5 -C(*0)NHR", nitro, -S(-0)R' and -S(»0),R"; 

R' is H, (C,-C 4 )alkyl, phenyl or CF 3 ; and 

wherein, when L 1 is -C(=0)-. and R" is hydroxy or hydrogen, and R 3 is hydrogen, and 
R 4 is hydroxy, and R 5 is hydrogen, and R 6 is hydrogen then R' is not para-phenol; and 
any pharmaceutically-acceptable salt thereof. 
20 5. The method according to Claim 4, wherein R 1 is Het. 
6. The method according to Claim 4, wherein: 
R 1 has the structure: 



when V is -C(-0>, L 1 is -C(R 6 )- or -CH(R 6 )-, and L 4 is O or NR" 



when L 1 is -=C(R 6 )-. V is -C-; 
when L' is -CH(R 6 )-, L= is -CH-; 
when V is -C(R 6 )-, L J is -C-; and 
when L 5 is -CH(R*)-. L 3 is -CH-; 




25 



wherein: 

R' is H, CI or methyl: 
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R" is Br, CI, F. R*. OR* or allyl; 
R 9 isH. OH.NH 3 . Br or CI; and 
R ,0 isH or methyl; or 
R a and R g combine to form -OCHnO- : or 
5 r* is a substituted or unsubstituted version of one of the following; 



10 




7. The method according to any one of Claims 6, wherein the disease is Alzheimer's 
disease or depressive disorders, 

8. The method according to Claim 6 wherein K\ K\ R 4 and R s are independently selected 
from the group consisting of K\ OR\ NRV NC(-0)R\ CF 3 and halogen. 

15 9. The method according to Claim 8 wherein: 
R- is hydroxy! or hydrogen; 
R* is hydrogen or methyl; 
R 4 is hydroxy 1 or hydrogen; and 
R- is hydrogen or hydroxy I. 
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10. The method according to Claim 8 wherein V is -C(=0)^ 

1 1 . The method according to Claim 8 wherein V is -C(=0>, 

12. The method according to Claim 8 wherein L l is -C(=0)-. 

13. The method according to Claim 9 wherein R 1 is an unsubstimted version of 
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Interaction of Phytoestrogens with Estrogen Receptors a and p 

Keiko MuKiio." Toshilu.ru Hikusi Junei Ki\jn. f ' Tomoki Uikak \w v.' Masafvimi Ok \\\ v.' 

Toshihiro Noiiara; SumtUi (>..\«\.\ 4 al Snto^hi Kni^'Masami Mi kwivtM./aml Yukito M\s\m».\i*'' 

Ih fHtnnn nt of MoU tf/or.wJ CMthtr i: fin ulty , V AWa , .V /, /A , v K.uunnu, i «m /v/i:'" / ?- / Ki<„,„. 

M.*A/. Aw0,/:,m.,/. AMuim ViMWV. /.w/^/w/p/t „/' Mm™,* ,*„„vu /;™//r „/ P/nnwacaNuul Suuuvs 

fnknnL, ImniVny: M /V I \ t , m l, MM% l-'ttkuoLt SU MM, J.t M f, f^u/urv of \ t ,nmit MvJuhu, tWnhv ot 
PhiirnhuvMiViil V/cOn-v. Kunntm<>i<> 0/mV\//U * / <>* -turning tit. Kitmuwofo .v/,v/yy-? iAf/l|#w f h , hi , mx >,n nj 
Ur h w>u Milium, Unhittrtv S\ !uh>/ of .1/. ,//,y7„ . //„ I nhrrsity of fokyo. " .« I lion*, Buuhvo ku. Tokyo //* W« 
• '/" m ' "7 ^^rtmaitof &h*in<mistry. tiuhntui Sh-Jh.tl S< ho,.f; .is \h,volu,»*.. Slnr^mntuuuhi. Irmno »uu \tihwm 
S>*MWI. Jtifhw. Kecehcd Aussum :k. ;<MKr. iiccepwul December :inm 

The human tstn^eri receptor IhKR) ctiM* as two Mibtype*. hER tf and hER £ that differ in the C-kTinlnal 
Ul^llul-blitdlaiK domain and in the N-lcriuiiial truawtivafioo domain. In t»f» »furiv, « v iumfiipfcil the t«slrfr 
ItvuU- to Milt-* or sov iMtlinvmit-N anii ili K L-Mi<>u « hi. ciiieric iwiurja in emupvtititm bindmu a**avs Willi hFU a 
or hER £ protein, and in a j^ne e\j M 't^if>ii a*««y uOng a ixiki *yuem. The eafmpafc acflvllie* of then' 
isotlavoitc* were also investigated by the growth of MtT-7 hnasl emieer cell*. 

lMdhivone ulyeoslde hinds wettkly In both im-pinn and esirc^n meiMor-depeudeut transcriptional exprvs- 
Mon Is poor. 1 he aglycow* (Hnd mure strou«l> to HER fi Hum to UKR a The Hindus a«lnltles of K ctmtciti, dlfo- 
drouenhte n und equot m ^Pf t» the binding aninitv of 17 ^ntradM. Euuol Induces tmiscrlpthm moVf 
Mttmuiy witu UtU a and hEU ^ The eimvenii avitm required |0r iiiAxfinnl ^'tie cxprewton U much higher than 
c\neet«l fnim the tmidnifs attiniries nt the compomuK and the maximal oerivtlv InducL-d 1>v these erHuiinuudN W 
nbnur half the activity of 17 /^estradiol. .Mthoutsh yenhtlu hhuh iu»rc weaklv t« tin. reee»lun mid induce rran- 
tL-ripiNM Im than does Renhteln. It Mliuuhues the urms th of M( f -7 idK more strongly thnn d ^enhteln. 

Krj ,v|llm,.nt: humun cMrotv.: iwcpair .1.1 Ki a. ^: lm„L^Mv hiiuhny h. hi R: nbk-dL-pvndcm yt.K- cNprc-i->.- S,Lk- 



KsliotiLMis play iniportnin hormonal rokvs in nil wrii.-hr.itcK 
Aniniid estiogens juv exclusively stemulal ctiniimuiuls. ami 
the principal physiologic! estnyen in mos\ species is 17 0. 
estradiol. Many plants produce coinpinunls that possess cs- 
in^cnii- UL'thity in animals and im thus called plntoestro. 

Anion" the fiwuls consumed bv humans, sovheans coi\- 
tuin the hi^ljesl concentration of isoflu\ones." ljic.se so\ 
isortavones u^.. duidzin. genistiu iuul yl>citin» may have 
•some health-enhancing properties such as prcvcntimi nf cer- 
tain cancers." lowering the risk of cardiovascular diseases/'* 
and improvement of bone health." The estrogenic activities 
<>f these isofla\ones may play an important role in their 
health-enhancing properties. Soy isorlavones have been re- 
ported to bind to e.Ntro»en receptors aiul prevent cctl growth 
in breast cancer cells. 1 *' 

Ue have systematic allv examined the metabolism of soy 
isoflawmcs by enteric bacteria and identified these meiubt*- 
lites." 

Two estrogen rece|Hor.H (kRs) have been identified (o 
date lM and the physiological responses to estrogen are 
known to be meiliated v\it!\in specific tissues h> at least these 
two receptors. The LRs are a 3A member of the nuclear hor- 
mone receptor family and act as liuand-aetKatcd nuclear 
transcription factors. 4 " 

In this paper, we examined the estrogenic activ ities of the 
isottuvojie mctsibt>liteK by (A) their binding to hhR a and fi, 
their effect on estrogen wecptor-dcjiendenl trauserip- 
tionul e.Nprtssion. and «. ) their effect on the growth of Mt'K- 
7 cells, which requires estrogen tor gr<»« th, "' 



* To whom corn>!tpimd(}Ace iluuild be addrti*«oi1. t-maU: in4*amuuofflidba.p. 



MAI I. RIALS AM) MkTllODS 

C lieiltkatl* 1 7 0-hstradiol. Diethy Istilhestrol ( DtS). Uis- 
phenol A (His A) and Nonylphenol (NP) were purchased 
from Sigma C hemical Co. 'pAbJ^lKN)]-]^ /J-Lstradiol 
[12C\ mmoh v\as purchased from Dui-ichi Pure Chemicals 
CD.. Ltd. MCT-7 cells were purchased from Dainippon Phar- 
maceutical ( o.. Ltd. 

Isofbuoncs Soybean isidlavones were digested by en- 
teric bacteria and the structures of these digests were deter- 
mined and isolated as reported." 1 The products. v» htch are ex- 
amined in this paper, are show n in Hg. I . 

Preparation of the Lxtmcl of ilumait Estrogen Recep- 
tor or and fi hhR a eDNA was isolated from pBacPAKW 
iil-CrO kindly supplied by S. Kdl\) il} bv digestion with 
^«//'dll and A7/oL hl:R cDNA was istdatetl from plihX- 
4h2-hKK b\ digestion with 8tmt\\\ and V/#f»l. These 
fragments were hgated into the B«m\\\ XJiol sites of the 
baculovirus kU^w vector plastBac I <Lilc lechmdogies. 
Ciaithersburg. ML). U.S.A.). Recombinant baculovi ruses were 
generated using the BAC-TO-BAC expression system (Life 
technologies^ in accordance with the manufacturers instruc- 
tions. I he recombinant ba cult viruses were amplified and 
usetl u> infect SGI cells (Clontech. Pal<» Alto. U A. U.S.A.). 
Inlected cells were incubated at 2K rt C and harvested 72 It 
post infection by centrifugal ion. The cells were suspended in 
buffer containing 40 him Iris IIC'L pi I 7,4. l>.:hnM tD'IA. 
0.2 m KCl ll)\> glycerol. I rmi DTW ami I tmt l"MSK The 
evinicth were prepaivd by wmiuititm UOs/2) Ihe super- 
uatants of the extracts after c en trituration (I.^OUOipmX 
lOmhn contained <</. 6oig ml protein and were used as hhR 
a and /J. I he concentrations of hlr.R a and /3 were measured 
usin^ purified hhR a and purchased from InAam Shuzo 

■k«ftto*wa-u.Mjp d«. 2001 Pl«fi«aceuticfll So;:tely of Japan 
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C o.. Ltd. as a standard, Their concentrations were (>.0% and 
0.3% nf the total protein, respectively, These receptors were 
stable at ~WVX forse\eral nionihs. 

Competition Away of IsoHavone hstrogen binding to 
Uh|< a or p was determined by incubation of 250 /jl of tac- 
tion mixture of I Kh (20 mM IVis IICL pi I 7.4. I him LDIA. 
20niM KC I) containing f>fi\ hLR or or /? with 2.5 pmol pit)- 
17 /{-estradiol at O 'C (for 16 h) in the presence ot Various 
concentrations of isoflavones. lsotln\ones were st;ihk- wider 
this incubation condition. Free and bound Hounds were repa- 
inted bv addition of an euunl volume of dextran-coated char- 
coal (0.5% activated charcoal and 0.05% dcxtrnn) in I kL. 
Samples were treated for 5min on ice with pcrimlic mixing 
and ceiUrifugcd at I5000rpni for 1 niin. Aliquot* of the su- 
pernatant (300/jh were used for scintillation counting 

Construction of Yeast Strain Cnrrilng Full-Length 
llKK CC or fi Stit'ilumwiytv.) tvivxi.shu 1 WW iMA'Jit. 
umJ H. hiy.l lWM. tnh'iwi. W(*hWL hv2 X 112. 
XtMUwlmiy. L tt.U::: GAL-UkZ. cyftrJ. LYS2:;: GM- 
NfSM which carries pGUO-miLK and ptiAL>424-/i /'//•'.> 
was kindlx supplied by Nishikaua. N ' We substituted hl.K a 
or hLR P for raiLR. pOB'l 'O-RtlhRLBH was digested whh 
ftvKI. and then the cleaved open ends were treated with SI 
nuclease. 1'hc digest was further digested with /Aw/ltl fol- 
lowed by treatment with a Klenow fragment and closed b> 
ligation. I he plasmid was redigesled with BumWX and ,Wl. 
pfiH'l l >-hl-R a or pGB I'V-hbR P \\rts prepared h\ inserting a 
fragment containing full-length hLR a or hLR p obtained b\ 
the digestion of pBuePAK9 I ILGO or pGh.\4l-2-hR p at 
HiimUX ami Mm\ sites into the sites obtained h\ the digestion 
of pGB [V by Bam\ tl and .Wl (Kig. 2). 

Kstmyen Receptor-Dependent I ran*ci iptional tApics- 



sifin Induced h> lsofla>onc flic effect of isofku .>nes on 
the estrogen receptor-dependent transcription of /J-galactosi- 
disc in yeast was examined follow ing the methods described 
k Nishikawa mid his C"llcages.' J| Yeust cells carrying UkR a 
or P were constructed as described by these same authors. 4 * 

Growth of MCF-7 Cells MCF-7 cells were grown in 
phenol ted-free DMLM (Gibco BRL. Grand Isla id NY. 
U.S.A.) supplemented with 10% tetal hoxinc scrum (Gibco 
URL. Grand Island. NY. U.S.A. I. penicillin and streptomycin 
(Gibco HK1.. Grand Island NY. U.S.A.). Cells were grown as 
n m*n\t>l[i>er under these conditions. Cells were har\ested as 
needed for use in experimental trials b> tnpsinization 
(0.05% tripsin. 0.53 him LDIA-4Na; Gibco) to yield a sus- 
pension of cells for plating in %-well tissue-eultuie plates 
(Falcon: Hccton Dickinson, franklin Lakes. NJ. U.S.A.!. 
Cells were plated at a concentration of 2 > l(H cells well in 
phenol red-tree DMhM supplemented with 5% hert-tmicti- 
\atcd dcNtran churcoal-striplxd KBS (llyclone. Loyun. UT. 
U.S.A.) for 24 h prior to the addition of phvuwsliogcn. The 
growth of the cells was measured by a sulforhodamine B 
<SKK) assav ? ' allcr 5d incubation. 

RLSULIS 

Lstro^enic Acthities of |sofU\ones DLS. Bis A. 
Nl 1 are known U> bind LR. induce transcription and stimulate 
Die growth of MCF- 7 cclls. u, Wt used these com|>ounds 
as controls. I he results are shown in f ig. .V DLS binds both 
hLR or and P almost as strongly as 17 j3-estradiol. Bis A ami 
Nl* bind hl.K P better than a. I he concentration required to 
bind 50" is about Ml 4 times greater tor Bis A or N) 1 than it is 
tor 17 ^-estradiol, tamoxifen which is known as an estrogen 
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\\tt\\ ut /^y.J.ivT'KiK^iM- ilio iv»ulUi«! Mw vnmlli i«: KM I ivIU v. iu\l \V. Juiw -i> ' fl c\n»'n:iivil«»»l »lx ;'itMl!i "TNU I fcUi ^iUicu'^i r«m|H'iii*1 .iih tIk: ,iSv-r.i;v h 
•«ll»«vn. i\W Kit ill i:«w!i i^mU >» ilu si.iiuW. Jomiiik-m 



rtiilu^miM 1 " 1 biiuls both lihR a ami hut d»cs iu^I induce 
transirriptitm. lesto>ten)nc vliil not biml lo these avoptors 
cunlinuinii tlieir spedtkity. also cnnfirnictl Ulat 17 /J- 
L»str:kliol diil ih>I bind to the cell extract prepared from tin? 
cells infected by vector bactihwirus (data not shown) 

In the experiments ol* estrogen I'eeeplor-dependent tran- 
scriptional expression. DhS induces as erncientK as 17 ($- 



estradiol. I he ci»iiceiUration required for the maximal induc- 
tion is about I0 4 times greater tor Bis A or N! 1 *:h:in it is for 
17 /(-estradiol. These drugs stimulate the growth of MC'K-7 
cells as >lu>un in Kig. -V We confirmed that 17 ^-estradiol did 
not induce transcription with the cells carrying vector plan- 
mid pCiJJ I y (data not shown). 

The estn>genic activities of the isofliUone iicri\ati\es 
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shown in rig, J were examined and arc shown in Figs. 4. 5. 
and 6. Figure 4 show* the result* obtained for the glycosides: 
daidzin glycitin (GL1> and genistin (Gl); Fig. 5 shows 
the results obtained for daidzein U>E>, glycitcin (OLE) and 
genistein <OE): and Fig. 6 shows the results obtained for 
equol <EQ), dihydroglycitein (DGL). and dihydrogenistcin 
(DCitK I he results show that glycosides bound poorly to 
both ER a and p> and induced transcription poorly. Hie agly- 
cones generally bind to and induce transcription better with 
hhR P than with hER cr. Genistein is the strongest in bind- 
ing. Though genistein binds ER P as strongly as 1 7 /J-estra- 
dioK it does not induce transcription as strongly as 1 7 0- 
estradioj or PES, DihydrOgenisiein binds and induces tran- 
scription as efficiently as genistein. The binding of equol is 
similar to that of genistein and equol is the strongest among 
these compounds in inducing transcription, especially with 
hER CL The activity of daidzein is poor. Glycitein binds and 
induces transcription but tlte activities of glycitin derivatives 
are the poorest among these compounds. 

The compound* that induce tranAcripiion generally stimu- 
Juted tlte growth of MC'F-7 cells, Genistin. a glycoside of 
genistein. however, stimulated the growth of cells better than 
genistein, even though genistin binds to the receptors more 
weakly and is less effective in inducing transcription than 
genistein. 



DISCUSSION 

Estrogens we critical to the functioning and maintenance 
of tt diverse army of tissues and physiological systems in 
mammals. The physiological responses to estrogen are 
known to be mediated within specific tissues by at least two 
estrogen receptors (ERs), ER a and /J. Studies of the tissue 
distributions and expression patterns of these receptors indi- 
cate that ER a has a broad expression pattern, whereas EK j3 
Ivts a more focused pattern, with high levels in the ovary, 
prostate, epididymis, lung and hypothalamus." 11 '" 11 The effects 
of disruption of the ER a gene in ER a knockout mice in- 
clude an absence of breast development in females and infer- 
tility caused by reproductive tract, gonadal and behavioral 
abnormalities in both sexes. 21 1,n On tlte contrary, mice lack- 
ing ER p develop normally. 27 ' Recently, a mouse lucking 
both ER a and J3 was constructed.-" Both sexes of this 
mouse are infertile, but tltey seem to grow normally and ex* 
hihit normal reproductive tract development. 

Isofhwones are known to have estrogenic activity/' 1 ' We 
are interested in their activities on hR a and p. Isoflnvones 
contained in soybeans were digested by enteric bacteria. The 
estrogenic activities of the isolated digests were examined 
with respect to their binding to hER <X and P. estrogen recep- 
tor-dependent transcriptional expression, and growth of 
MCF-7 cells. 
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All three glycosides (daidzin. glycilin. and genistin) bind 
poorly to these receptor* and induce transcription poorly. 
Though genistin binds hLR # the affinity is weak compared 
with genistein <Fig*, 4 and 5>. Genistin. Iwuexer. stimulated 
the growth of MCh-7 cells more strongly than genistein. The 
mechanism ingrowth stimulation of genistin must be differ- 
ent from tliat of genistein. Recently Siroonodni & al. re- 
ported that they found a physiologically important non-nu- 
clear estrogen-signalling pathway involving the direct inter- 
action of hR a with PN3)K/ ,M Genistin might act through 
the signal transduction, 

17 0-fcMtradioi and DLS bind to both hLR a and p with al- 
most the same affinity. However. Bis A and Nl* which ha\c 
been suggested to he environmental endocrine disrupiors. ,K ' 
and isotfavone derivatives bind more efficiently to hLR J3 
than a. The binding affinities of genistein. dihyrin^cnistcin 
and equol to hfcR p are almost the same as the binding affin- 
ity of J 7 ^estmdioi, 

lsoflavone derivatives generally induce receptor-dependent 
transcription and the induction is stronger with hLR p than 
with a. Although these derivatives bind more strongly to 
hLR p than a, the concentration required ft»r the induction is 
almost the same with hfcK /? as with liLR a and is much 
higher than expected from the binding affinity. Among these 
derivatives, euuol is especially strong at inducing transcrip- 
tion with hLR a. 



353 

Genistein binds to hLR p with almost the snrce efficiency 
its 17 0-esinuiinl. but the concentration required to induce 
transcription is 10* limes greater for genistein than it is for 
1 7 /k k srmdio|, fcven if gertisttin bound as efficiently as 17 /?- 
estradiol, the structural transformation of hLR P induced by 
genistein would not be sufficient to facilitate tin? rinding of a 
coactixator. The induction of transcription by LRs requires a 
coactixator. 1 * 1 

Hie LT region of LR js the ligand-binding comain. The 
amino ackl sequence of the b K region of hLR a is quite dif- 
ferent from that of hLR p in region k i,w; ' This difference 
i* probably responsible for the difference of the binding 
affinities of the isoflavones for hfcR a and p> 

Pike et al tM studied the structure of the ligand-binding do- 
main of hLR P in the presence of genistein. They found 3- 
Oil of genistein corresponds to the 17-01] of 17 /^estradiol 
and 4'-OII of genistein corresponds to fc-OI ( of the sterol. 

Lpidemiological studies suggest tliat genistein and 
daidzcin reduce the risk of breast and prostate cancers. Al- 
though our studies show that not only genistein and daidacein 
hut also equol and glycitein stimulate the growl a of MCF-7 
cells, the concentrations of these compounds required for cell 
growth arc much higher than the concentration of 17 ^-estra- 
diol that is needed. The much higher concentrations required 
for stimulating cell growth titan for binding may explain why 
these compounds help to reduce the risk of cancer. The pref- 
erential expression of LR p in breast and prostate' 4 * and the 
preferential binding of isoflavones to LR 0 may explain why 
these compounds reduce the risk of cancers in these organs. 
I his hypothesis could be tested by determining whether the 
incidence of breast cancer is reduced by isoflavones in mice 
lucking LR P {no reduction in breast cancer would be ex- 
pected in such mice). 

It has been reported tliat intake of isoflavone reduced the 
serum concentration of estradiol by feedback regulation, and 
that genistein inhibited tyrosine kinase, which is involved in 
the cell cycle/ 5 * T> These functions of isoflavone will also 
help to reduce the risk of cancer. 
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When L 1 is -C(-O)-. and R : is hydroxy or hydrogen, and R y is hydrogen, and R 4 is 
hydroxy, and R 5 is hydrogen, and R° is hydrogen, then R 1 is not para-phenol. 

For purposes of this invention, "substituted" when used xo modify a phenyl or a 
heteroatomic ring means such a ring substituted at one or more positions, independently, with 
5 -R", -OR J , -SR a . *NR tt R a , -NC(-0)R u . -NS(=0)R\ -NS(=0) 2 R\ halogen, cyano. -CF t , -C0 2 R*. 
-C<0)R fl , -C(-OWHR p . nitro, -S(H))R', or -S(=0) 2 R*. 

Also, for purposes of this invention, "Hei" means a substituted or unsubstituted one- 
or two-ring heterocycle selected from the following: 




1 0 wherein the crossed bond represents that the heterocycle may be attached at any available 
position on the ring that it crosses. 
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Estrogen Receptor Binding Measurements 

The ability of a compound to bind to ER was measured by its ability to compete for 
binding with the radio-labeled estrogen. [ l35 I]-16a-iodo-3,17p-estradiol (NEN. Cat.#NEX- 
144). The radioligand is hereafter referred to as [ m I]-estradiol. 

5 ER-p (Gen Bank Accession #X99101 ) or ER-a (Gen Bank Accession #M 12674) 

cDNAs were cloned into the expression vector pSG5 (Stratagene). transformed into e. coii 
strain DHaF\ and purified using anion-exchangc resin columns (Qiagen Cat#12125). 
Receptor protein was prepared by in vitro transcription and translation of these plasmids using 
the TNT T7 Quick-Coupled reticulocyte lysate system (Promega CatJL! 170). Reticulocyte 

1 0 lysate (1 2.5 mL) was incubated for 90 min at 30 °C with 3 1 2.5 ng of ER-a and 625 |ag of ER- 
P plasmids. Programmed lysate was then aliquotted and stored frozen at -80 q C. 

Compounds were tested in duplicate at half-log concentrations ranging from 10 pM to 
3 nM. Compounds were prepared as 1 mM stocks in DMSO, then diluted in the binding- 
assay buffer (in mM; 20 HEPES, 1 50 NaCl, 1 EDTA, 6 monothioglycerol and 1 0 Na 2 Mo0 4 ; 

15 10% wt/vol glycerol, and pH ■ 7.9) to a series of three-fold concentrated, 20 fxL aliquots in a 
96-well plate. Receptor aliquots were thawed on ice. and appropriately diluted (see below) in 
binding assay buffer. Diluted receptor (30 pL/each) was added to each well. [ m I]-estradiol 
was diluted from the manufacturer's ethanol stock solution to a 900 pM working solution in 
binding-assay buffer. The final assay volume was 60 ^iL, consisting of 20 \iL of a compound 

20 according to the instant invention, 30 of programmed reticulocyte lysate, and 1U of 900 
pM [ ,2, I]-estradiol. The final concentration of [ ,2S l]-estradiol was 150 pM. Plates containing 
the final assay mixture were mixed on a shaker for 2 min and incubated overnight (-16 h) at 4 
°C 

Receptor- bound and unbound radioligand was separated by filtration over sephadex 
25 columns. Columns (45 jiL bed volume) were prepared by adding dry column media 
(Pharmacia Cat#G-25) to 96-well column templates (Millipore MultiScrcen Plates 
Cat#MAHVN4510). Columns were then saturated with 300 |4L of binding-assay buffer and 
stored at 4 °C. Prior to use. stored columns were spun for 1 0 minutes at 2000 RPM, then 
washed twice with 200 \xL of fresh binding buffer. The binding-assay mixtures (50 ^L/each) 
30 were then applied to the columns, and an additional elution volume of 35 |^L was immediately 
applied to the column. Receptor-bound radioligand was then eluted from the column by 
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centrifugation for 10 minutes at 2000 RPM. A scintillation cocktail (145 |*L) was added to 
the eluted radioligand/receptor complex, and radio-label was measured by liquid scintillation 
counting. 

Non-specific binding was defined by competition with 150 nM diethylstilbesterol 
5 (DES). Binding affinities are expressed as K r calculated using the Cheng -Prushoff formula 
according to \C iQ values generated by fitting the relationship of concentration to percent 
specific binding (SB) with the following equation: 

% SB = Maximum - (Maximum * Minimum )/( 1+1 OUuBiCso-iorfCompoundl)) 
In this assay, standard estrogen receptor ligands estradiol and DES were detected as high- 
1 0 affinity (K,<1 nM). non-selective ligands of ER~P and ER-a. 

The volume of receptor-programmed reticulocyte lysate to be added to the binding 
assay was determined independently from two measurements made on each batch of receptor 
prepared. First, K,s were determined for standard compounds using a series of dilutions of the 
receptor preparation. Scatchard analysis of ligand binding affinity was performed at the 
1 5 receptor dilutions that produced reported K,s for these compounds and an acceptable 

signahnoise ratio (-10). These experiments indicated a K R for [ ,25 I]-estradiol of 0.1-1 nM, 
and a B ttUjt of 5-30 pmol. 
Administration and Use 

Compounds of the present invention are shown to have high selectivity for ER-0 over 
20 ER-a. and may possess agonist activity on ER*p without undesired uterine effects. Thus, 
these compounds, and compositions containing them, may be used as therapeutic agents in the 
treatment of various CNS diseases related to ER-p, such as, for example, Alzheimer's disease. 

The present invention also provides compositions comprising an effective amount of 
compounds of the present invention, including the nontoxic addition salts, amides and esters 
25 thereof, which may, serve to provide the above-recited therapeutic benefits. Such 

compositions may also be provided together with physiologically-tolerable liquid, gel or solid 
diluents, adjuvants and excipients. The compounds of the present invention may also be 
combined with other compounds known to be used as therapeutic agents for the above or 
other indications. 

30 These compounds and compositions may be administered by qualified health care 

professionals to humans in a manner similar to other therapeutic agents and, additionally, to 
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other mammals lor veterinary use. such as with domestic animals. Typically, such 
compositions are prepared as injcctables. either as liquid solutions or suspensions; solid forms 
suitable for solution in. or suspension in. liquid prior to injection may also be prepared. The 
preparation may also be emulsified. The active ingredient is often mixed with diluents or 
5 excipients which are physiologically tolerable and compatible with the active ingredient. 
Suitable diluents and excipients are. for example, water, saline, dextrose, glycerol, or the like, 
and combinations thereof. In addition, if desired the compositions may contain minor amounts 
of auxiliary substances such as wetting or emulsifying agents, stabilizing or pH-buffering 
agents, and the like. 

10 The compositions arc conventionally administered parenterally, by injection, for 

example, either subcutaneously or intravenously. Additional formulations which are suitable 
for other modes of administration include suppositories, intranasal aerosols, and. in some 
cases, oral formulations. For suppositories, traditional binders and excipients may include, for 
example, polyalkylene glycols or triglycerides; such suppositories may be formed from 

1 5 mixtures containing the active ingredient. Oral formulations include such normally employed 
excipients as, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, cellulose, magnesium carbonate, and the like. These compositions 
take the form of solutions, suspensions, tablets, pills, capsules, sustained-release formulations, 
or powders. 

20 The present compounds may be formulated into the compositions as neutral or salt 

forms. Pharmaccutically-acceptable nontoxic salts include the acid addition salts (formed with 
the free amino groups) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or organic acids such as acetic, oxalic, tartaric, mandelic, 
and the like. Salts formed with the free carboxyl groups may be derived from inorganic bases 

25 such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine, trimethylamine. 2-ethylamino ethanol. histidine* procaine, 
and the like. 

In addition to the compounds of the present invention that display ER-p activity, 
compounds of the present invention can also be employed as intermediates in the synthesis of 
30 such useful compounds. 
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Svnthwis 

Compounds within the scope of the present invention may be synthesized chemically 
by means well known in the art. The following Examples are meant to show general synthetic 
schemes, which may be used to produce many different variations by employing various 
5 commercially-available starting materials. These Examples are meant only as guides on how 
to make some compounds within the scope of the invention, and should not be interpreted as 
limiting the scope of the invention. 
Examples 

Example HfiQHte A) 

10 -(3«Bromo-4-hydroxyphenyl)-S»7-dihydroxy«4H-l-ben2opyran-4-one 
1 ,3«5-Trihydroxybenzaldehyde (1 .01 g, 6.25 mmol) and 3-bromo-4- 
hydroxyphenylacetic acid (1.44 g, 6.25 mmol) were suspended in POCl 3 (4 mL), After 1 min, 
an exothermic reaction occured. The mixture was allowed to cool to room temperature. Zinc 
chloride OM ether solution, 4,7 mmol) was added and the mixture was heated at 75 °C for 1 

1 5 h. After cooling, the mixture was partitioned in ethyl acetate and 1 M aqueous HCL The 
organic layer was washed with brine and dried with MgS0 4 . Purification on silica gel 
(MeOHAlichloromethane. gradient) afforded l-(2,4,6-trihydroxyphenyl)-2-(3-bromo-4- 
hydroxyphenyl)ethanone (390 mg) as a tan solid. 

To l-(2.4,6-trihydroxyphenyl>2^(3^bromo-4-hydroxyphenyl)ethanone (370 rag) in 

20 DMF (5 mL) under nitrogen was added BF r Et 3 0 (0.83 mL. 6.55 mmol) dropwise, followed 
by methanesulfonyl chloride (0,507 mL, 6.55 mmol). The mixture was stirred at room 
temperature for 1 0 min and heated at 55 D C for 30 min. After cooling, the mixture was 
partitioned in ethyl acetate / 1M aqueous HC1. The organic layer was washed with 1M HC1 
and brine, and purified by C |a HPLC to give the title compound (55 mg). 

25 Example 1 (Compound N?- 19\ RffUfr B) 

3-(4-hydroxyphcnyl)*7-hydroxy-4-methylcoumarin 

A solution of 2,4^dihydroxyacetophenone (1.1 g, 7.24 mmol), 4-hydroxyphenylacetic 
acid ( 1 .45 g 5 9.5 mmol) and potassium acetate (0.9 g, 9.2 mmol) in acetic anhydride (10 mL) 
was heated under reflux for 18 h. After cooling, the mixture was poured into ice and water. 

30 The solid was filtered, washed with ether and dried under vacuum to give 3-(4- 
acetoxyphenyl)-7-acetoxy-4-methylcoumarin (1.83 g). 
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A suspension of 3«(4-acetoxyphenyl)-7-acetoxy-4-methylcoumarin (500 mg) in THF 
( 1 0 niL) and IN aqueous sodium hydroxide ( 1 0 mL) was stirred for 1 h> The mixture is 
acidified to pH - 1 with concentrated HCl and extracted with EtOAc / water. The organic 
layer was washed with brine and dried over MgS0 4 . Evaporation of the solvent and trituration 
5 of the residue with ether gave the title compound ( 1 40 mg). 

The HPLC conditions (HPLC 4.6 x 250 mm C,„ 5 Lim Vydax 218TP54 column, flow 
rate: 1 .5 mL/mtn, acetonitrile/watcr 0.1% TFA linear gradient from 10:90 to 50:50 over 30 
min. UV detection: 254 nm) are referred as conditions A. 

The HPLC conditions (HPLC 2.1 x 30 mm C IX 3.5 nm Zorbax Rapid Resolution 
1 0 column, flow rate: 0.7 mL/min, water - 0.05% TFA for 0.5 min, then 90% aqueous 

acetonitrile/water 0.05% TFA linear gradient from 0;100 to 80:20 over 9.5 min, UV detection) 
are referred as conditions B. 

The following compounds were prepared according to these routes, using the relevant 
starting materials. 



R 2 






Li 


0 


Li 


Li 




1 


C(=0) 




«=CR"- 


0 


3 ,4-dihydroxyphenyl 


2 


C(-O) 


-C- 


=CR ft - 


0 


2-Cl-4-hydroxyphenyl 


3 


C(-O) 




=CR"- 


0 


2-Me-4-hydroxyphenyl 


4 


C(=0) 


=c- 


=CR"- 


0 


3-F-4-hydroxyphenyl 


5 


C(-O) 


k:- 


=CR ( - 


o 


3-CI-4-hydroxyphenyl 


6 


C(-O) 


=c- 


=CR 6 - 


0 


3-Br-4-hydroxyphenyl 


7 


C(O) 


-c- 


=CR*- 


o 


3-allyl-4-hydroxyphenyl 


8 


C(-O) 


-c- 




=CR"- 


0 


3-Pr*4-hydroxyphenyl 
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No. 


V 


V 


V | 


12 — 


El 


9 




=C- 


=CR"- 


o 


3-methoxy-4- 
hvdroxyrhenvl 


10 


C(=b) 


=c- 


=CR'- 


o - " 


3.5-diMe-4-hydroxyphenyI 


11 


C(-O) 




-CR"- 


o 


4-fluorophcnyl 


12 


C(-O) 


»c« 


=CR*- 


0 


3.4-(OCH 2 0)phenyl 


13 


C(^O) 


=C- 


=CR"- 


o 


4-aminophenyl 


14 


C(«0) 


-c* 


=CR 6 - 


0 


2-naphthyl 


15 


C(«0) 


=c- 


=CR"- 


o 


3-hydroxyphenyl 


16 


C(=0) 


=C- 


=CR"- 


0 


2-hydroxyphenyl 


17 


C(-O) 


«c- 


=CR"- 


0 


2-thiophene 


18 


C(O) 


-c- 


^CR'- 


0 


3-thiophene 


19 




-c- 


=CR*- 


0 


2-quinolinyl 


20 


C(=0) 


=c- 


=CR*- 


0 


4-bromophenyl 


21 


C(«0) 


=c- 


=CR'- 


0 


4-chlorophenyl 


22 


C(-O) 


=C- 


~CR*- 


0 


4-hydroxyphenyl 


23 


C(=0) 


=c- 


-CR*- 


0 


4-hydroxyphenyl 


24 


C(-O) 


-c 


=CR*- 


0 


3-F-4»hydroxyphenyl 


25 


C(O) 


=c- 


=CR U - 


0 


4-hydroxyphenyl 


26 


C(=0) 


-CH- 


-CHR"- 


0 


4 -hydroxy phenyl 


27 


C(K» 


-CH- 


-CHR*- 


CH, 


4-hydroxyphenyl 


28 


=CR 6 - 


*=c- 


C(=0) 


o 


4-hydroxyphenyl 


29 


=CR 6 - 


=C- 




o 


4-hvdroxvnhenvl 


30 


-CR*- 


=C- 




n 

Vr* 


4-hvdroxvohenvl 


31 


«CR»- 


=c- 


C(=0) 


0 


2-thiophene 


32 


C(-O) 


=c- 


=CR ft - 


o 


4-hydroxyphenyl 


33 


C(=0) 


-c- 


=CR^ 


o 


2^F*phenyl j 


34 


C(-O) 


-c- 


*CR°- 


0 


phenyl 


35 


C(=0) 


=C- 


=CR°- 


0 


phenyl 


36 


o 


=c- 


=CR"- 


C(-O) 


4-hydroxyphenyl 
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No. 


Li 




u 


Li 


El 


37 


CH, 


-CH- 


-CHR". 


C(=0) 


4-hydroxyphenyl 


38 


«CR"- 


-C- 


C(-O) 


0 


4-hydroxypheityl 


39 


=CR"- 


-C- 


Q»0) 


0 


4-hydroxypheny] 


40 


-CR"- 


-C- 


C(»0) 


o 


4-hydroxyphenyl 


41 


=CR S - 


=*c 


C(K» 


0 1 


4-hydroxyphenyl 


42 


=CR"- 


-c- 


C(=0) 


0 


4-Cl-phenyl 


43 


-CR'- 


=c- 


C(-O) 


0 


4-hydroxyphcnyl ] 


44 


C(=0) 


~c- 


^CR 4 - 


0 


4-isopropoxyphenyl 


45 


C(=0) 


*CH- 


I -CHR 11 - 


CH, 


3-Br-phenyl 


46 


CH, 1 


-CH- 


-CHR''- 


0 


4-hydroxyphcnyl 



(Continuation of Table 1) 





B? 


B! 


at 


Bf" 


R 4 




OH 


H 


OH 


H 


H 


2 


OH 


H 


OH 


H 


H 


3 


OH 


H 


OH 


H 


H 


4 


OH 


H 


OH 


H 


H 


5 


OH 


H 


OH 


H 


H " 


6 


OH 


H 


OH 


H 


H 


7 


OH 


H 


OH 


H 


H 


8 


OH 


H 


OH 


H 


H 


9 


OH 


H 


OH 


H 


H 


10 


OH 


H 


OH 


H 


H 


11 


OH 


H 


OH 


H 


H 


12 


OH 


H 


OH 


H 


H 


13 


OH 


H 


OH 


H 


H 


14 


OH 


H 


OH 


H 


H 


15 


OH 


H 


OH 


H 


H 


16 


OH 


H 


OH 


H 


H 
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No. 


si 


Ei 


fi! 






17 


OH 


H 


OH 


H 


H 


18 


OH 


H 


OH 


H 


H 


19 


OH 


H 


OH 


H 


H 


20 


OH 


H 


OH 


H 


H 


21 


OH 


H 


OH 


H 


H 


22 


OH 


H 


OMe 


H 


H 


23 


Me 


H 


OH 


H 


H 


24 


H 


H 


OH 


H 


H 


25 


H 


H 


OH 


H 


CF, 


26 


OH 


H 


OH 


H 


H 


27 


OH 


H 


OH 


H 


H 


28 


H 


H 


OH 


H 


Me 


29 


H 


H 


OH 


H 


Et 


30 


H 


H 


H 


H 


H 


31 


u 

H 


H 


OH 


H 


H 


32 


OH 


H 


OH 


OMe 


H 


33 


OH 


H 


OH 


H 


H 


34 


OH 


H 


OH 


H 


Ph 


35 


H 


H 


OH 


H 


Ph 


36 


H 


H 


OH 


H 


H 


37 


H 


H 


OH 


H 


H 


38 


H 


H 


OH 


H 


H 


39 


OH 


H 


OH 


H 


H 


40 


H 


H 


H 


OH 


H 


41 


H 


OH 


H 


H 


H 


42 


H 


H 


OH 


H 


Me 


43 


H 


H 


OH 


Me 


Me 


44 


H 


H 


OH 


H 


CF, 


45 


H 


H 


OH 


H 


H 



513 229 0683 P- 1Q 



PCT/GBOO/01380 



APR-13-2004 PM HASSE_GUTTAG_S_NESBI TT 



513 229 0633 



P - IS 



WO 00/62765 



PCT/GBOO/01380 



-14- 





e! 


"I! 


'W""~ 


E? 


B?" 


46 


H 


H 


OH 


H 


H 



Table 2. Purification. Properties, and Synthetic Route 



No. 


HPLC min 


MS (Mm 


ER-fl 
K nM 


Km 


Synthetic 


(method) 




Route 


1 






2.15 


605 


* 


2 


5.76 (B) 


305 C ,5 C1) 


0.55 


56 


A 


3 


5.41 (B) 


285 


1.2 


61 


A 


4 


5.62 (B) 


289 


0.5 


74 


A 


5 


6.11 (B) 


305 ("CI) 


1.2 


1100 


A 


6 


25.6 (A) 


349 ( 7V Br) 


1.25 


439 


A 


7 


6.72 (B) 


311 


3.2 


>3000 


A 


8 


7.08 (B) 


313 


0.75 


>3000 


A 


9 






143 


>3000 


* 


10 


25.4(A) 


299 


25 


>3000 


A 


11 


6.93 (El) 


273 


100 


>3000 


A 


12 






22 


>3000 


* 


13 






6 


>3000 


* 


14 


7.86(B) 


305 


150 


>3000 


A 


15 


5,39 (B) 


271 


15 


900 


A 


16 


5.68 (B) 


271 


110 


>3000 


A 


17 


H NMR (DMSO-d 6 ): 12.59 (s. 1H), 10.99 (s, 
1H), 8.88 (s, 1H), 7.63 (m.2H), 7.14(m. 1H), 
6.44 (s. 1H). 6,27 (s. 1H). 


3.3 


>3000 


A 


IS 


'H NMR (DMSO-dJ: 12.92 (s. 1H), 10.93 (s. 
1H), 8.72 (s. IH), 8.07 (s. 1H). 7.64 (m. 1H). 
7.53 (m, 1H), 6.42 (8. 1H), 6.24 (s. 1H). 


17 


>3000 


A 


19 


5.26 (B) 


306 


122 


>3000 


A 


20 


7.70 (B) 


333 ( iy Br) 


25 


>3000 


A 
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1 Nn 1 


HPT C min 
rirLV^ i ii ill 


MS fMH'l 


ER-p 


ER-a 


Svnthetic 


f methods 




K. nM 


K. nM 


Route 


f 21 1 


7 55 fB^i 


289 ( iS Cl) 


42 


>3000 


A 


22 






50 


>3000 


+ 


23 | 


5.20 (B) 


269 


0.5 


200 


A 


24 ; 


4.91 (B) 


273 


3.3 


>3000 


A 


I Ij 


6.07 (B) 


323 


10 


321 


Note a) 


1 2o 






3 7 


1000 




1 


5.43 (B) 


271 


5.7 


3000 


Note b) 


28 


■H NMR (DMSO-d 4 ): 10.47 (m. 1H), 9.55 (m. 
1H). 7.67 (d. 1H). 7.1-6.7 (ra. 6H).2.22 (m. 
3H); MS: 269 


12 


322 


B 


I'M 


5.57(B) 


283 


4 


80 


B 


30 


6.01 (B) 


239 


140 


>3000 


B 


31 


T H NMR (DMSO-d 6 ): 10.68 (s, 1H), 8.44 (s, 
1H), 7.75 (ra, 1H), 7.60 (m, 2H), 7.16 (m, 1H), 
6.87 (dd, 1H), 6.81 (m, 1H); MS: 245 


108 


>3000 


B 






33 


>3000 


+ 




FH NMR (DMSO d-6): 12.66 (s. 1H), 10.98 (s. 
1 H), 8.42 (s, IH), 7.48 (m, 2H). 7.27 (m, 2H), 
6.44 (d, 1H, J= 2.1 Hz), 6.26 (d. 1H. J- 2.1 Hz); 
MS: 273 


50 


>3000 


A 


34 




9.5 


95 


* 


35 




19 


50 




36 




0.33 


88 


* 


37 


'H NMR (DMSO d-6): 9.61 (s, 1H), 9.52 (s, 
1H). 7.26 (d, 1H. J= 2.7 Hz). 7.21-7.13 (m, 3H), 
6.99 (dd. 1H, J= 8.1 Hz, V- 2.7 Hz), 6.71 (d. 
2H. J= 8.4 Hz), 3.26 (m, 1H), 3.07-2.80 (m. 
3H). 2.64 (m, 1H); MS: 253 (M-H)' 


0.73 


75 


Note c) 
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HPLC min 


MS (MH*) r 


ER-p 
KjJLM 


ER-ffi 


Svnthetlc 


(method) 


K.nM 




38 


'H NMR (DMSO d-6): 10.52 (s. 1H). 9.64 (s, 
1H). 8.03 (s. 1H). 7.55 (m. 3H). 6.85-6.70 (m, 
4H); MS: 255 


4.9 


220 


B ! 


39 


'H NMR (DMSO d-6): 10.63 (s, 1 H), 10.33 (s, 
1H). 9.60 (s. 1H), 7.95 (s, 1H), 7.50 (d, 2H, J= 
8.4 Hz), 6.80 (d, 2H, J- 8.4 Hz), 6.28 (s, 1H), 
6.22 (s. 1H): MS: 271 


79 


>3000 


B 


40 


'H NMR (DMSO d-6): 10.18 (s. 1H), 9.73 (s. 
1H), 8.08 (s. 1H). 7.60 (d. 2H. J= 8.4 Hz), 7.17 
(m. 2H), 7.06 (m, 1H), 6.85 (d. 2H, J= 8.4 Hz); 
MS: 255 


104 


>3000 


B 


41 


'H NMR (DMSO d-6): 9.72 (s, 2H), 8.05 (s, 
1H), 7.58 (d, 2H. J- 8.4 Hz), 7.25 (d, 1H. J= 8,7 
Hz), 7.07 (d, 1H, J= 2.7 Hz), 7.00 (dd, 1H. J- 
8.4 Hz, J'= 2.7 Hz). 6.84 (d, 2H. J= 8.4 Hz); 
MS: 255 


4.6 


3000 


B 


42 


'H NMR (DMSO d-6): 10.56 (s. 1H), 7.50 (d, 
2H, J== 7.8 Hz), 7.42 (d, 1H, J= 8.7 Hz), 7.33 (d, 
2H, J= 7.8 Hz). 6.84 (dd. 1H, J- 7.8 Hz, J'= 2.1 
Hz). 6.75 (d, 1H. J- 2.1 Hz), 2.21 (s, 3H); MS: 
287 ("CI) 


51 


>3000 


B 


43 


'H NMR (DMSO d-6): 10.36 (s. 1H), 9.55 (s, 
1H), 7.49 (d, 1H. J= 9 Hz), 7.08 (d. 2H, J* 8.7 
Hz). 6.87 (d, 1H. J= 9 Hz), 6.81 (d, 2H, J- 8.7 
Hz). 2.21 (s. 3H). 2.19 (s, 3H); MS: 283 


24 


500 


B 


44 


'H NMR (DMSO d-6): 1 1 .1 1 (s, 1H), 7.93 (d, 
IH. J= 8.7 Hz). 7.16 (d. 2H, J- 8.4 Hz), 7.03- 
6.93 (m. 4H). 4.66 (m. 1H), 1.30 (d. 6H. J- 
6Hz); MS: 365 


118 


3000 


Note a) 
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No. 


HPLC min 


MS (MJT) 


ER-|3 
K, nM 


ER-ot 
K, nM 


Syndic 


(method) 












45 


'H NMR (DMSO d-6): 10.39 (s, IH), 7.78 (d, 
IH. J== 8.4 Hz), 7.42 (m. 2H), 7 28 (t. IH, J= 7.8 
Hz), 7.19 (d, 1H. J= 7.8 Hz). 6.75 (dd, IH. J= 
8.4 Hz, 2.4 Hz), 6.69 (d, 1H, J= 2.4 Hz), 
3.86 (m, IH). 3.00 (m, 1H), 2.85 (m. 1H), 2.4- 
2.1 (m, 2H); MS: 3 17 ("Br) 


116 


3000 


Noteb) 


46 




2 


155 


* 



* compound is commercially available. 

Note a); Prepared according to method A; the cyclization step was done using trifluoroacetic 
anhydride according to J. Med. Chem. 1992, 15, 3519. 

Note b): Prepared by cyclization of the corresponding 2,4-diarylbutyric acid with POCl 5 , and 
subsequent demethylation of the mcthoxy ethers according to the method developed in J. Org. 
Chem. 1946,11,34. 

Note c): Prepared according to Aust. J. Chem. 1978, 21, 101 1 . 
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1 . A method for treating a disease associated with the estrogen receptor-(3 % comprising 
the step of administering a therapeutical ly-effective amount of a compound that satisfies the 
5 equation: 

(K 1BA /Ki llA )/(K iaE /K ifcl5 )> J, 



wherein 

1 0 K JuA is the K { value for the agonist in ER-a; 

K iIJA is the Kj value for the agonist in ER-p; 
K iaC is the Kj value for estrogen in ER-a; and 
K m is the K, value for estrogen in ER-p. 

2. The method according to Claim 1 . wherein the compound satisfies the equation: 
15 (K (oA /Ki fJA )/(K ibE /K i0fi )>lOO. 

3. The method according to Claim 2, wherein the disease to be treated is selected from 
the group consisting of Alzheimer's disease, anxiety disorders, depressive disorders, 
osteoporosis, cardiovascular disease, rheumatoid arthritis and prostate cancer, 

4. The method according to Claim 3, wherein the compound has the formula; 

20 




wherein: 

L l is -C(-O)-, =C(R 6 K -CH(R b )% 0, S, or NR a : 
25 L 3 is =C- or -CH-; 
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L* is -C(R 6 >. .CH(R <1 )- or -C(*0)-; 
L 4 is -C(=0)-. CH J? O. S. or NR*; 
wherein; 

when L' is -C(-O)-, L 4 is CH J( O, S, or NR'; 

when L 4 is -C(=0>, L l is CH : , O, S. or NR'; 

when L' is -C(=0)-, L' is =C(R<> or -CH(R*)-, and L* is O or NR* 

when L' is =C(R')-. V is -C-; 

when L' is -CH(R 6 K L 2 is -CH-; 

when V is =C(R°>, L : is =C-; and 

when L J is -CH(R°)-. L" is -CH-; 
R" is, independently, at each occurrence, H or (C,-C,)alkyl; 
R 1 is phenyl, substituted phenyl or Het; 

R 2 , R\ R* and R 5 are independently selected from the group consisting of -R*. -OR*, 
-SR\ -NR*R*, -NC(=0)R', -NS(K»R\ -NS(=0) 3 R\ halogen, cyano, -CF„ -COjR 1 , -C(-0)R\ 
-C<-0)NHR\ nitro, -S(=0)R* and -SC-OfeR*; 

R* is H, (C,-C5)alkyl, phenyl or CF 3 ; and 

wherein, when L 1 is -C(=0)-. and R ! is hydroxy or hydrogen, and R } is hydrogen, and 
R 4 is hydroxy, and R 1 is hydrogen, and R 6 is hydrogen then R 1 is not para-phenol; and 
any pharmaceutically-acceptable salt thereof. 

5 . The method according to Claim 4, wherein R' is Het. 

6. The method according to Claim 4, wherein: 
R 1 has the structure: 




wherein: 



25 



R 7 is H, CI or methyl: 
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R 8 is Br, CI. F. R\ OR" or allyl; 
R y is H, OH, NH 2 . Br or CI; and 
R ! ° is H or methyl; or 
R 8 and R v combine 10 form -OCH 2 0- ; or 
5 R 1 is a substituted or unsubstituted version of one of the following: 



10 




from the group consisting of R a . OR\ NRV NC(=0)R\ CF ? and halogen. 
1 5 9. The method according to Claim 8 wherein: 
R- is hydroxyl or hydrogen; 
R 1 is hydrogen or methyl; 
R 4 is hydroxyl or hydrogen; and 
R* is hydrogen or hydroxyl. 
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10. The method according to Claim 8 wherein V is -C(=0)-. 

11. The method according to Claim 8 wherein V is -C(=0)- t 

12. The method according to Claim 8 wherein L 1 is -C(OK 

13. The melhod according to Claim 9 wherein R 1 is an unsubstituted version of 
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fihwhi. KtiikiZiHw. Mtitittwi .hifutn. Lih*r%iu*rv n/ r f'lhinihht^^y. f-\uuffy *\l Plnu'tHucciitical Si Unwy 

FitkuoLi O'/iV/v/r. ' S /'/ / \ttmikunht, Fnkm*lui ri/.x'//, ./ { //> { <//, l.o/vuvnuy **l Sahmil Mafhim. f acuity uf 
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The Imimui cMn^i-ii receptor (hhR) CAlMS us two subtypes, ItKR amid hER /i thai differ in llic ('-ivniiiunl 
lluaml-l»incliu» domain and In the ^-terminal irnaxfleiharlmi (Ionium. In this study, wt investigated the c*tn>- 
ipiilv iit'iivitiw ill" mij* isolliounes after digestion with enteric hiu'icm in competition binding assays with hER a 
or ht£|< 0 protein, and ill it yciu* c\pi -cxsjnn assay uslnfi <i \ CUSI system. The estrogenic lil*1e\ ilics of llicxe 
ixotlavoues weir Misestimated hy the growth of MCT-7 hn-iist miner txlls. 

IsnMnvfine glycoside binds xvcnkb In both receptors mid estrogen receptor-dependent transcriptional e%pre<- 
shut Is poor. The axlx-cmics hind wore xti-ringlx to hF.K ^llinn (o hKR €L Tlk* hlndhix Aflltiltk-s «f ^nistcin, ildiy- 
di*i»uL'Histciii and e<|»n| are cnnipnnUde to (he hind hi k Hlliniiy ol 17 /J-vsrradifd* Ki|uo| induce^ tnuiscriptlon most 
strongly with UEU amid htR fL The cmicciK ration retjulretl for maximal uunu express hm h much higher thun 
e.vpei'k'd fnini the binding nlllnltles of (he cunipmimU* mul the minimal activity liidneed by ihe*e eompount^ U 
ahmit hiiJf the activity of 17 J^L^triidinl. Although fzenistln hinds more weakly tu thv receptor* and induces tran- 
scription le** tlmn dm 1 * £ciu*tciih it stimulutes the urowth of MC'F-7 cells more strongly ttann does nenlstiln. 

Ki-% «oriK hulljis»»iK\ liiiimtii lmiul'lii ivk-ohii i.iLRl ft. /J. h-nl^on '.tiiidiny i»> liL R: ht K-tlvj^iulcni yene expre^inn: I KU- 
iliriwLutvMii \H 'r- 7 cell ynittili 



Lstrnycns piny important hormonal inks in all \ crtchniti 1 ^ 
Animal ostrogens nrc exclusively steroidal comppnmk and 
the principal physio I ogiial estrogen in most .species is 17 fi- 
estjiuliol. Many plants produce compounds that possess es- 
trogenic acti\it> in animals and are thus called phxloeMro- 
yens. 

Am«m» the fiuuls consumed hy humans. so> beans con- 
tain the highest concentration of isofluumes, I hcrsc s*>\ 
isotlaxoiie\ u-^.. duidzin. yenistin and glxciun) max Imve 
some liealth-enhaiu'ing pmpertieh such as pre\ention of cer- 
tain cancers." lowering the risk of cardiovascular diseases. "' 
and improvement of bore health.'" The estrogenic activities 
of these isi>flii\ones may play an important role in their 
health-enhancing properties. Soy isotiuxtmes haxe been re- 
l>orted tu bind to estrogen receptors and prevent cell gnvwth 
in breast cancer cells. 4 * 1 

VA'e hi^xe systematically examined the metabolism i»t ^o\ 
isotliivojies bv enteric bacteria and identified these metabo- 
lites. 1 " 

two estrogen receiptors <LRs) have been identilied to 
date ;md the physiological responses to estrogen are 
known to be mediated xvrthin specific tissues b> at least these 
two receptors. The hRs are a .1A meml>er of the nuclear hor- 
mone receptor family and act as liyuiul-actixutcd nuclear 
trnnseri|>tuin fuclnrn.' 11 

In this pa|Ki; we examined the estrogenic activities of the 
isotlavone metab*>lites by (A) their binding to hfcR a and 0. 
Hi) their effect on estrogen wceptor-dejiendent tianscrip- 
tioual expression, ami ((. ) their ellect *>n the growth of Mt Y- 
7 cells, which requires estrogen for growth. 1 " '" 



♦ To whom corre*pondcnci! should l« Addrc*xi:0. vmfiiV niii^Hmiincrflidb^p.kflnfl/awa-u.flc.jp 



MAI I. RIALS AND MbTllODS 

C hcmicaLs 17 0-LslradioL DiethylstiHvstrol (DtS). His- 
plient»l A ( His. A) and Nonylphenol (NP) wete purchased 
from Sigma C hejoical Co. [2.4.(^.7- ; | UN))- J 7 /J-hstradio! 
C2K i lumoh was purchased from Dai- k hi Pure Chemicals 
I id. MCK-7 cells were puivhased from Dainippon Phar- 
maceutical t o., Ltd. 

Isoftavones Soybean isollaxones were tligcsted by en- 
teric bacteria and the structures of these digests were deter- 
mined mid isolated as reported." I he products, which are ex- 
amined in this paper, are show u in } ig. 1 . 

Preparation of the K.vtraet of Human t.stro^en Recep- 
tor a and /J hkR a cDNA was isolated from pHacPAKV 
1 1 L.C rC> kindlv supplied by S. kiito ,: ' by digestion with 
Uwit)\\ and \ho\. hhR j3 cDNA was isolated lV<»m |>CitX- 
4l«2*hkK fi^ by digestion with B<tm\[\ and Xltol. Ihese 
fragments were I i gated into the litimlU .XtuA sites of the 
baeuloxirus donor xector pI'astBrtc I <Life technologies, 
(iaithersbin-g. Ml). U.S.A.), Recombinant bacule x i ruses were 
generated using the BAC-l'O-UAC expression sxstem (Life 
technologies) in accordance with the manufacturers instruc- 
tions. I he recombinant haculox iruses were amplified and 
used to infect St2 1 cells (C lontech. Palo Alto. CA. I'.S.A.). 
Infected cells were incubated at 2H"C and harvested 72 h 
post infection 1>\ eentrit ligation. The cells were suspended in 
butter containing 40 him his-llCI. pi I 7.4. 0.:i ium LO'lA. 
I*.2m Kin. 10" m glycerol. ImM D l l. and i mK" PMSK The 
extracts were prepared by sonicalion tl0s/2). I he super- 
natants of the extmcts afier centrif ligation (I.^M)OrpmX 
10 min) contained at. omg ml protein and were used as hhR 
a and fi I he concentrations of hbH <x and /J were measured 
using purified hhR a and 0 purchased from lakara Shuzo 

a*. 2(H)I Phafma^iiiical Srtcieiy af 
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Co.. Ltd. as a standard. Their concentrations were fLO' 1 •■ ami 
0.3% of the total protein, respectively. These receptors «ere 
stable at NO ' C tor se> oral months. 

Competition Assay of I satins one hMFngen binding to 
hbR a or /3 was determined b> incubation of 250 jwl of reac- 
tion mixture of 1Kb <20niM Iris MC I. pi I 7.4. I dim LL) I'A. 
2«Miim KX'I) containing tiKR a or/} with 2.5 pmol | ; II|- 
17 ^-estradiol at O^'C (tor 16 h) in the presence of various 
concentrations of isotla\uncs> Isoflavones were stable under 
this inclination condition, h'ee and bound ligands were sepa- 
rated by addition of an eo,ua| volume of dextran-eoatcd char* 
coal < 0.5" ii activated charcoal and 0.05% de\iranl in TKL. 
Samples were treated for 5min on ice with periodic mMnj; 
and ceiltrifiujed at I5000rpm for 1 mill. Aliquot* of the su- 
pernatant <300/fh were used lor scintillation counting. 

Construction of Yeast Strain Carry Ot^ I' all-Lcn^h 
hLR c or ^ foitrhaivmyit's cvivvisUn 1 Yl l >0 i.M.ifn, 
ttniJ hisJ PjOO, <«fc2 lol. ///>/. MO/. bJ.*. 112. 
x>itND#tlmn. t 'RAJ::: GAL hu/.. tr/tr2. LYS2 . ; ; <i.\l. 
HISJ) which carries pGB'l 9-mtLK and pGAL)424-/////-J 
was kindly supplied h> Nishikawa.' We substituted hLK a 
or hKR p for nil tR. pC;BP>-mtfcRLBI) «as digested with 
£rr»KI. and then the cleaved open ends were treated with SI 
nuclease, the digest was further digested with /Will fol- 
lowed by treatment with a JClenow fragment and closed b> 
ligation, the plasiiml was rcdigestcd with tfi////Jll and ,S'i//L 
pOH'W-hkK a or pCiUTU-ht.R 0 vs a.s prepared h> inserting a 
fragment containing full-length hbR a or hbR /J obtained by 
the digestion of pBaePAKA) I IbtiO or pGt.X4 l-2-l. R P at 
!l*tw\ II and .\7/<»l sites into the sites obtained hv the digestion 
nf p(iU|o by HttrnlU and .Wl <Hg. 2). 

HMroj;cn Receptor-Dependent Transcriptional Impres- 



sion Induced In Isnflavonc I he effect of is oil a v ones on 
the u-slmyen receptor-dependent transcription of /J-galaetusi- 
ilase in yeast was examined following the methods drscribed 
by Nishikawa and his colkuges."*' Yeast cells curry in j hbR a 
or /? were constructed as described by these same minors. 4 ' 

Growth of MOV? C ells MCI -7 cells were grown in 
phenol red-free DMbM (titbeo BRL. Grand Islam;. NY. 
C.S.A.) supplemented with 10% fetal bovine seruiv lllihco 
HRL. Cirand island. NY. U.S.A.). penicillin and streptomycin 
Kiihco tiRI... Grand Island N\. U.S. A J. C ells were yri>\\n as 
a monolayer under these conditions. Cells were harvested as 
needed tor use in experimental trials by try psinization 
(11.05% trypsin. 0.53 ium hi) I A -4 N a; (iibvol to yield a sus- 
pension of cells for plating in %-well tissue-culture plates 
(falcon: Uecion Dickinson, franklin Lakes. N.I. I S.A.i. 
< cllr> were plated at a concentration of 2 • 10 4 cells well in 
phenol red-free DMhM supplemented with 5"i» heat-inacti- 
vated dcNtran charcoal-stripped LBS tllvclone. Lilian. UT. 
I I.S.A. I for 24 h prior to the addition of phytttestm^eu. I he 
iirowih of the cells was measured by a sultorhodamjne 15 
(SRIhassav H 'ntiter5d inenhutlon. 

RLSULIS 

Kstrouenic Activities of IsoHavoucs DhS. Bis A. and 
Nt* are known tt> bind hR. induce transcription and stimulate 
the growth of NIC K-7 L-ells. " >: ' We used these eomptmnds 
as controls. I he results ;ire sliown in Fiy. 3. DhS binds both 
hLR a and ft almost as strongly a.s 17 /{-estradiol. Wis A anil 
Nl* bind 111 R /3 better than a. the concentration required to 
bind 50"n iN about Ml 1 times greater for His A or NP tlnn it is 
for 17 ^-estradiol. l;imo\ifcu which is known as an esfmgen 
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iintatjumint 1 "' binds both hKK a iimi /J but iKw nut induct; 
inmscnption. lestosteix^K 1 did not bind to these receptors 
enjifumm^ their specifkitv. We also ainfinncd that 17 p~ 
estradiol did not hind to the cell extract prepared from the 
cells infected by vector haculoviru* (data not shown \. 

In the experiments of estrogen receptor-dependent tran- 
scriptional expression* DfcS induces ns errlcientK lis 17 f}- 



cstradiol. Hie concentration requiretl (or the maximal induc- 
tion is about I0 4 time* greater i'or Bis A or NP than it is tor 
17 0-estradiol. These drugs stimulate the growth of MCK-7 
cells as shown in Fig. 3. We continued that 17 ^-estradiol did 
not induce transcription with the cells carrying xector plas* 
in id pGli I K > (data nt>t show n ). 

I he estrogenic activities of the isortaxoiie deroati^es 
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shown in Fig. 1 were examined and are shown in Figs. 4, ?. 
and (>. Figure 4 shows the results obtained tor the glycosides: 
daidzin (DO, glycitin (OLD and genistin (CI); Fig. ? shows 
the results obtained for daidzein (Dt), glycitein (GLL) and 
genistein (Oh); ;uui Fig. 6 sliows the results obtained tor 
cquol (tQ). dihydroglyeitein (1>GL). and dihydrogenistein 
(DGk). The results show that glycosides bound poorly to 
both t- R a and 0. and induced transcription poorly. I he agly- 
coneR generally bind to and induce transcription better w ith 
hfcR P than with htR a. Genistein is the strongest in bind- 
ing. Though genistein binds fcR P as strongly us 1 i /J-estra- 
diol, (t does not induce Transcription as strongly as 17 
estradiol or DfcS. Dihydrogenistein binds and Induces tran- 
scription us efficiently as genistein. The binding of equol is 
similar to that of genistein and cquol is the strongest among 
these compounds in inducing transcription, especially with 
hkk <t The activity of daidzein is poor. Glycitein binds and 
induces transcription but the activities nf glycitin derivatives 
are the poorest among these compounds. 

I he compounds tliat induce transcription generally stimu- 
lated the growth of MC'F-7 cells. Genistin. a glycoside of 
genistcin. howexer. stimulated the growth of cells better than 
genistein. even though genistin binds to the receptors more 
weakly and is less effective in inducing transcription than 
genistein. 



DISCUSSION 

bstrogens are critical to the functioning and maintenance 
of a diverse array of tissues and physiological systems in 
mammals. The physiological responses to estrogen are 
known to be mediated within specific tissues by at least two 
estrogen receptors <LRs). tR or and p. Studies of the tissue 
distributions and expression patterns of these receptor* indi- 
cate that LR a has a broad expression pattern, whereas tR p 
has a more focused pattern, with high levels in the ovary, 
prostate, epididymis, lung and hypothalamus.' 10 *' The etYects 
of disruption of the b.R a gene in fcR a knockout mice in- 
clude an absence of breast development in females and infer- 
tility caused by reproductive tract gonadal and behavioral 
abnorniidities in both sexes. 21 On the contrary, mice lack- 
ing KR p develop normally. 2 " 1 Recently, a mouse lacking 
both LR a and p was constructed."* 1 Both sexes of this 
mouse are infertile, but they seem to grow normally and ex- 
hibit normal rcpr(Hluctivc tract development. 

Isofiavones are known to hnve estrogenic activity.- 1 * We 
are interested in their activities on HR a and /?. Isoflavones 
contained in soybeans were digested by enteric bacteria. The 
estrogenic activities of the isolated digests were examined 
with respect to their binding to hhR a and p. estrogen recep- 
tor-dependent transcriptional expression, and growth of 
MCF-7 cells. 
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All three glycosides (daidzin. glycitin. and genistin) hind 
poorly to these receptors and induce transcription poorly. 
Though genistin bind* hi£R 0. the affinity is weak compared 
with genistein <hig*. 4 and 5). Cienistin, however. stimulated 
the growth of MCF-7 cells more strongly than genistein. The 
mechanism of growth stimulation of genistin must be differ- 
ent from thai of genistein. Recently Sirmmocini i»/ til. re- 
potted that they found a physiologically important non-nu- 
clear estrogen-signalling pathway imotving the direct inter- 
action of fcR a with P1(3)K/ In Genistin might ail through 
the signal transduction. 

17 /J-Lstradiol and DkS bind to both hhR a and p with al- 
most the same affinity. However, liis A and Nil which have 
been suggested to he environmental endocrine disruptors. IM 
and isoflavone derivatives bind more efficiently to htR P 
than a. The binding affinities of genistein, dihyefa^enistein 
and equol to hhR ft are almost the same as the binding affin- 
ity of 1 7 ^estradiol. 

Isoflavone derivatives generally induce receptor-dependent 
transcription and the induction is stinger v\ ith hhR P than 
with a. Although these derivatives bind more strongly to 
hbR P than a. the concentration required for the induction is 
almost the same with nJLR p as with hhR a and is much 
higher than expected from the binding affinity. Among these 
derivatives, equol is especially strong at inducing transcrip- 
tion w ith htR a. 
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Cienistein binds to htR p with almost the same efficiency 
as P /^-estradiol, hut the concentration required to induce 
transcription is 10 J times greater for genistein tlian it is for 
1 7 /^estradiol. h\en if genistein bound as efficiently as 17 0- 
estradiol, the structural transformation of htR J8 induced by 
genistein would not be sufficient to facilitate the binding of a 
ennctixatnr. The induction of transcription by tRs requires a 
coaeti\ator. ,M 

The L I" region of 1~R is the ligand-binding contain. The 
amino acid sequence of the Lh region of hLR a is quite dif- 
ferent from that of hhR p in region r."'' lt>21 This difference 
is probably responsible for the difference of the binding 
affinities of the isofluvones for htR a and p. 

Pike v7 ai. iU studied the structure of the ligand binding do- 
main of hKR P in the presence of genistein. The) found 3- 
Oil of "genistein corresponds to the 17-OH of 17 ^-estradiol 
and 4'-Ol I of genistein corresponds to 6-OI 1 of the sterol. 

Lpidemioiogical studies suggest that genistein and 
duidzcin reduce the risk of breast and prostate cancers. Al- 
though our studies show that not only genistein and daidzein 
but also equol and glycitein stimulate the growth of MCI -7 
cells, the concentrations of these compounds required for cell 
growth are much higher than the concentration of 1 7 ^-estra- 
diol that is needed. The much higher concentrations required 
for stimulating cell growth than for binding may explain why 
these compounds help to reduce the risk of cancer. The pref- 
erential expression of tR P in breast and prostate Ul and the 
preferential binding of isoflavone* to HR /? may explain why 
these compounds reduce the risk of cancers in these organs. 
I his hypothesis could he tested by determining whether the 
incidence of breast cancer is reduced by isoflavones in mice 
lacking LR P (no reduction in breast cancer would be ex- 
pected in such mice). 

It has been reported that intake of isoflavone reduced the 
serum concentration of estradiol by feedback regulation, and 
thai genistein inhibited tyrosine kinase, which is involved in 
the cell cycle.** ri These functions of isoflaw ne will also 
help to reduce the risk of cancer. 
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